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ȼɜɟɞɟɧɢɟ
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɟɧɢɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɜ
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦɚɯ ɢɡɭɱɚɸɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤ-
ɰɢɢ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ. Ɍɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɩɨɪɢɫɬɵɯ ɫɪɟɞɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧ-
ɬɟɪɟɫ ɤɚɤ ɜ ɫɜɹɡɢ ɫ ɩɪɢɤɥɚɞɧɵɦɢ ɡɚɞɚɱɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ
(ɧɚɩɪɢɦɟɪ, ɨɯɥɚɠɞɟɧɢɟ ɪɟɚɤɬɨɪɨɜ, ɮɢɥɶɬɪɚɰɢɹ) ɢ ɩɪɢɪɨɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ (ɧɚ-
ɩɪɢɦɟɪ, ɬɟɱɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ), ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ
(ɧɚɩɪɢɦɟɪ, ɹɜɥɟɧɢɟ ɤɨɫɢɦɦɟɬɪɢɢ [1,2,3]).  
ȼ ɡɚɞɚɱɚɯ ɨ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɩɨɪɢɫɬɭɸ ɫɪɟɞɭ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ
ɞɟɥɨ ɫɨ ɫɥɨɠɧɨɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫɪɟɞɵ ɢ ɬɟɦ, ɤɚɤ ɷɬɚ ɫɬɪɭɤɬɭɪɚ ɜɥɢɹɟɬ ɧɚ
ɩɪɨɰɟɫɫɵ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ (ɜ ɬɨɦ ɱɢɫɥɟ, ɞɢɮɮɭɡɢɢ ɜ ɫɥɭɱɚɟ ɫɦɟɫɟɣ). ȼ
ɨɛɨɳɟɦ ɫɥɭɱɚɟ ɦɟɯɚɧɢɡɦɵ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ
ɬɜɟɪɞɨɝɨ ɫɤɟɥɟɬɚ, ɬɚɤ ɢ ɨɬ ɟɝɨ ɝɟɨɦɟɬɪɢɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɭɩɨɪɹɞɨɱɟɧ-
ɧɨɣ, ɬɚɤ ɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɣ (ɩɨɞɪɨɛɧɨɟ ɨɫɜɟɳɟɧɢɟ ɤɚɤ ɷɬɨɝɨ, ɬɚɤ ɢ ɦɧɨɝɢɯ ɞɪɭ-
ɝɢɯ ɜɨɩɪɨɫɨɜ ɦɨɠɧɨ ɧɚɣɬɢ, ɧɚɩɪɢɦɟɪ, ɜ ɤɧɢɝɟ [4]). ɂɡ ɞɜɭɯ ɤɥɚɫɫɨɜ ɧɟɭɩɨɪɹɞɨ-
ɱɟɧɧɵɯ ɫɪɟɞ: (1) ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ, ɧɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢ ɨɞ-
ɧɨɪɨɞɧɵɯ ɢ (2) ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢ ɧɟɨɞ-
ɧɨɪɨɞɧɵɯ – ɜ ɡɚɞɚɱɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ
ɫɪɟɞɵ ɩɟɪɜɨɝɨ ɬɢɩɚ, ɩɪɢɱɟɦ ɫɤɟɥɟɬ ɛɭɞɟɬ ɬɚɤɠɟ ɩɨɥɚɝɚɬɶɫɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢ
ɢɡɨɬɪɨɩɧɵɦ ɢ ɧɟɞɟɮɨɪɦɢɪɭɟɦɵɦ.
Ɂɚɤɨɧ Ⱦɚɪɫɢ. ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɨɞɧɨɮɚɡɧɨɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɦɚɤɪɨɫɤɨɩɢ-
ɱɟɫɤɢ ɨɞɧɨɪɨɞɧɭɸ ɢɡɨɬɪɨɩɧɭɸ ɩɨɪɢɫɬɭɸ ɫɪɟɞɭ ɜɨ ɦɧɨɝɢɯ ɪɟɚɥɢɫɬɢɱɧɵɯ ɫɢ-
ɬɭɚɰɢɹɯ ɢɧɟɪɰɢɨɧɧɵɟ ɷɮɮɟɤɬɵ ɧɟɫɭɳɟɫɬɜɟɧɧɵ ɢ ɫɩɪɚɜɟɞɥɢɜ ɡɚɤɨɧ Ⱦɚɪɫɢ:
( )Kv P gS
I
=   G G , (I.1) 
ɝɞɟ v
G
, I ɢ S  – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ, ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɶ
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ɠɢɞɤɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, K  – ɩɪɨɧɢɰɚɟɦɨɫɬɶ, P  – ɞɚɜɥɟɧɢɟ ɢ g
G
 – ɩɨɥɟ ɦɚɫ-
ɫɨɜɵɯ ɫɢɥ. Ɉɞɧɨɦɟɪɧɚɹ ɜɟɪɫɢɹ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɛɵɥɚ ɨɬɤɪɵɬɚ Ⱦɚɪɫɢ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɨ ɜ 1856 ɝɨɞɭ. Ɉɞɢɧ ɢɡ ɩɪɢɦɟɪɨɜ ɫɬɪɨɝɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɷɬɨ-
ɝɨ ɡɚɤɨɧɚ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ [5], ɝɞɟ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɩɪɢɜɟɞɟɧɧɵɣ
ɜ ɬɟɧɡɨɪɧɨɦ ɜɢɞɟ:
( )1v K P gS
I
=  ¸  G G , (I.2) 
– ɞɥɹ ɫɥɭɱɚɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢ ɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɵ ɩɪɢɧɢɦɚɟɬ ɜɢɞ (I.1). 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ (I.1) ɜ ɤɚɱɟɫɬɜɟ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ
ɩɨɧɢɠɚɟɬ ɩɨɪɹɞɨɤ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɞɧɵɯ
ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɥɭɱɚɟɦ ɬɟɱɟɧɢɣ ɜ ɨɞɧɨ-
ɪɨɞɧɨɣ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ (ɛɟɡ ɬɜɟɪɞɨɝɨ ɫɤɟɥɟɬɚ). ɗɬɨ ɧɚɯɨɞɢɬ ɫɜɨɟ ɨɬɪɚɠɟɧɢɟ, ɜ
ɬɨɦ ɱɢɫɥɟ, ɢ ɜ ɢɡɦɟɧɟɧɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɨɥɹ ɫɤɨɪɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɫɦ.
[4]), ɤɨɝɞɚ, ɤɪɨɦɟ ɩɪɨɱɟɝɨ, ɭɫɥɨɜɢɟ ɩɪɢɥɢɩɚɧɢɹ ɧɚ ɬɜɟɪɞɨɣ ɝɪɚɧɢɰɟ ɬɟɪɹɟɬ
ɫɦɵɫɥ, ɩɨɫɤɨɥɶɤɭ ɠɢɞɤɨɫɬɶ ɬɨɱɧɨ ɬɚɤɠɟ ɩɪɢɥɢɩɚɟɬ ɢ ɤ ɫɬɟɧɤɚɦ ɬɜɟɪɞɨɝɨ ɫɤɟɥɟ-
ɬɚ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ.
Ɍɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. ȼ ɞɢɫɫɟɪɬɚɰɢɢ ɪɚɫɫɦɚɬɪɢ-
ɜɚɸɬɫɹ ɡɚɞɚɱɢ, ɤɚɫɚɸɳɢɟɫɹ ɬɟɩɥɨɜɨɣ (ɥɢɛɨ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ) ɤɨɧɜɟɤ-
ɰɢɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɢ ɧɚɫɬɨɹɳɢɣ ɨɛɡɨɪ ɧɟ ɤɚɫɚɟɬɫɹ ɫɦɟɠɧɵɯ ɡɚɞɚɱ
(ɧɚɩɪɢɦɟɪ, ɨ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɧɚɤɥɨɧɧɵɯ ɫɥɨɹɯ).
ȼɩɟɪɜɵɟ ɡɚɞɚɱɚ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ
ɫɪɟɞɵ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɜ ɪɚɛɨɬɟ [6], ɝɞɟ, ɮɚɤɬɢɱɟɫɤɢ, ɩɨɥɚɝɚɥɢɫɶ ɧɟɩɪɨɧɢɰɚɟ-
ɦɵɟ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɝɪɚɧɢɰɵ. Ɂɚɬɟɦ ɜ ɪɚɛɨɬɟ [7] ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɞɪɭɝɨɣ ɜɚɪɢ-
ɚɧɬ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɨɦɭ, ɱɬɨ ɩɨɜɟɪɯ ɧɚɫɵɳɟɧɧɨɝɨ ɠɢɞ-
ɤɨɫɬɶɸ ɩɨɪɢɫɬɨɝɨ ɫɥɨɹ ɧɚɥɢɬɚ ɫɜɨɛɨɞɧɚɹ ɠɢɞɤɨɫɬɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɪɯɧɹɹ ɝɪɚ-
ɧɢɰɚ ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɧɢɰɚɟɦɨɣ ɞɥɹ ɠɢɞɤɨɫɬɢ, ɚ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɝɪɚ-
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ɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ. Ɍɚɤɨɟ "ɫɦɹɝɱɟɧɢɟ" ɝɪɚ-
ɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɨɠɢɞɚɟɦɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɩɨɪɨɝɚ ɜɨɡɛɭɠɞɟɧɢɹ ɬɟɩɥɨ-
ɜɨɣ ɤɨɧɜɟɤɰɢɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɞɥɢɧɵ ɜɨɥɧɵ ɤɪɢɬɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ.
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɟɞɫɤɚɡɚɧɢɣ ɪɚɛɨɬɵ [6] ɛɵɥɨ ɩɪɟɞɩɪɢɧɹɬɨ
ɩɟɪɜɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɜɟɤɰɢɢ ɜ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɦ ɩɨɪɢɫɬɨɦ ɫɥɨɟ [8]. ȼ ɨɩɵɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɨɢ ɩɟɫɤɚ, ɧɚɫɵɳɟɧɧɨɝɨ
ɪɚɡɥɢɱɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ: ɜɨɞɨɣ, ɪɚɫɬɜɨɪɚɦɢ ɝɥɢɰɟɪɢɧɚ, ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɵɦ ɭɝ-
ɥɟɪɨɞɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɟɞ-
ɫɤɚɡɚɧɢɣ ɧɚ ɩɨɪɹɞɨɤ, ɯɨɬɹ ɤɚɱɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɢɱɟɫɤɨɝɨ ɝɪɚɞɢɟɧɬɚ
ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɜɨɫɩɪɨɢɡɜɨɞɢɥɚɫɶ. ɗɬɨ ɪɚɫɯɨɠɞɟɧɢɟ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ
ɭɤɚɡɚɧɧɨɣ ɚɜɬɨɪɚɦɢ ɫɭɳɟɫɬɜɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ
(ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɫɥɨɟ ɛɵɥɢ ɨɱɟɧɶ ɜɟɥɢɤɢ), ɚ ɬɚɤɠɟ ɧɟɤɨɪɪɟɤɬɧɵɦ ɨɩɪɟ-
ɞɟɥɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɢɫɬɟɦɵ. ɉɨɩɵɬɤɢ ɭɱɟɬɚ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡ-
ɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɪɨɮɢɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɟɥɢ ɤ ɧɟɤɨɬɨ-
ɪɨɦɭ ɭɥɭɱɲɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɟɨɪɢɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ [9,10], ɧɨ ɨɩɪɟɞɟɥɟɧɢɟ
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɩɪɚɜɥɟɧɨ ɧɟ ɛɵɥɨ.
ȼ ɢɬɨɝɟ, ɛɨɥɟɟ ɚɤɤɭɪɚɬɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɹɜ-
ɥɟɧɢɹ (ɩɪɢ ɤɨɪɪɟɤɬɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ) ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ
ɜ ɪɚɛɨɬɟ [11] ɢ ɞɚɥɨ ɪɟɡɭɥɶɬɚɬɵ, ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɫ ɬɟɨɪɢɟɣ.
Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɞɚɱɚ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ
ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɦɟɬɪɢɢ ɨɛɥɚɫɬɢ: ɞɥɹ ɫɥɨɹ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ
ɰɢɥɢɧɞɪɚ ɡɚɞɚɱɢ ɨ ɜɨɡɛɭɠɞɟɧɢɢ ɞɜɭɯɦɟɪɧɵɯ ɤɨɧɜɟɤɬɢɜɧɵɯ ɞɜɢɠɟɧɢɣ ɩɪɢ ɢɡɨ-
ɬɟɪɦɢɱɟɫɤɢɯ ɧɟɩɪɨɧɢɰɚɟɦɵɯ ɝɪɚɧɢɰɚɯ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ. Ⱦɟɥɨ ɜ ɬɨɦ,
ɱɬɨ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɜ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɤɨɫɢɦɦɟɬɪɢɹ [1,3], ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ
ɩɪɢ ɩɨɬɟɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜɨɡɧɢɤɚɟɬ ɧɟ
ɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɧɟɩɪɟɪɵɜɧɨɟ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɟ-
ɫɤɨɟ ɦɧɨɠɟɫɬɜɨ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɚɪɭɲɟɧɢɟ ɫɬɪɨɝɨɣ ɜɟɪɬɢɤɚɥɶɧɨɫɬɢ ɝɪɚɞɢ-
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ɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɞɧɨɪɨɞɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜɞɨɥɶ ɨɞɧɨɝɨ
ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɧɟɢɞɟɚɥɶɧɚɹ ɢɡɨɬɟɪɦɢɱɧɨɫɬɶ ɝɪɚɧɢɰ ɢ ɧɟɤɨɬɨ-
ɪɵɟ ɞɪɭɝɢɟ ɨɫɥɨɠɧɹɸɳɢɟ ɮɚɤɬɨɪɵ ɞɨɥɠɧɵ ɜ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɫɧɢɦɚɬɶ ɜɵ-
ɪɨɠɞɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɤɨɫɢɦɦɟɬɪɢɟɣ, ɢ ɪɚɡɪɭɲɚɬɶ ɦɧɨɠɟɫɬɜɨ ɫɬɚɰɢɨɧɚɪɧɵɯ
ɪɟɲɟɧɢɣ, ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɷɬɨɝɨ ɦɧɨɠɟɫɬɜɚ ɭɞɚɥɨɫɶ ɩɪɨɧɚɛɥɸɞɚɬɶ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɨ [2]. ɉɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɫɥɚɛɵɯ ɧɚɪɭɲɟɧɢɹɯ ɤɨɫɢɦɦɟɬɪɢɢ ɬɚɤɠɟ
ɪɚɫɫɦɨɬɪɟɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɚɯ [2,12]. 
Ɍɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. ɉɪɢ ɤɨɧ-
ɜɟɤɰɢɢ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɤɚɤ ɢ ɞɥɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɠɢɞɤɨ-
ɫɬɢ, ɜɨɡɦɨɠɧɚ ɦɨɧɨɬɨɧɧɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ,
ɧɨ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɬɨɦɭ, ɤɨɧɤɭɪɟɧɰɢɹ ɬɟɩɥɨɜɨɝɨ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɦɟɯɚ-
ɧɢɡɦɨɜ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟ-
ɭɫɬɨɣɱɢɜɨɫɬɢ [13,14]. 
ɗɮɮɟɤɬ ɋɨɪɟ (ɬɟɪɦɨɞɢɮɮɭɡɢɹ, [15]), ɨɫɨɛɟɧɧɨ ɜɚɠɧɵɣ ɜ ɝɚɡɚɯ, ɫɩɨɫɨɛɟɧ
ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɥɢɹɬɶ ɧɚ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɤɨɧɜɟɤɰɢɸ. ȼ ɫɜɹɡɢ
ɫ ɷɬɢɦ ɢɦɟɟɬ ɫɦɵɫɥ ɜɵɞɟɥɢɬɶ ɞɜɟ ɝɪɭɩɩɵ ɡɚɞɚɱ: (1) ɡɚɞɚɱɢ ɨ ɤɨɧɜɟɤɰɢɢ ɩɪɢ
ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɢ (double diffusion), ɜ ɤɨɬɨɪɵɯ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɬɟɪɦɨɞɢɮɮɭ-
ɡɢɹ, ɬ.ɟ. ɜɥɢɹɧɢɟ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɬɨɤɚ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɶɸ ɧɚɝɪɟɜɚ; (2) ɡɚɞɚɱɢ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɋɨɪɟ.
Ɋɚɧɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ
ɛɵɥɢ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɡɚɞɚɱɟ ɨ ɜɨɡɛɭɠɞɟɧɢɢ ɤɨɧɜɟɤɰɢɢ ɜ
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ. ȼ ɪɚɛɨɬɚɯ [13,14,16,17,18,19] ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɧɢɤɧɨ-
ɜɟɧɢɹ ɬɟɪɦɨɯɚɥɢɧɨɜɨɣ (thermohaline) ɤɨɧɜɟɤɰɢɢ ɩɪɨɢɡɜɨɞɢɥɫɹ ɥɢɧɟɣɧɵɣ ɚɧɚ-
ɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ʉɪɢɬɟɪɢɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ
ɦɨɧɨɬɨɧɧɨɝɨ ɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɜɬɨɪɚɦɢ ɷɬɢɯ ɪɚɛɨɬ ɜ
ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ: ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ
ɦɨɞɟɥɟɣ ɠɢɞɤɨɫɬɢ.
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Ʉɨɧɟɱɧɨ-ɚɦɩɥɢɬɭɞɧɚɹ ɬɟɪɦɨɯɚɥɢɧɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɪɚɛɨɬɟ
[20], ɝɞɟ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɱɢɫɟɥ ɇɭɫɫɟɥɶɬɚ ɢ ɒɟɪɜɭɞɚ ɨɬ ɭɩɪɚɜ-
ɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɭɫɟɱɟɧɧɵɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞɵ Ɏɭɪɶɟ.
Ʉɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɢ ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɚɫɫɨɩɟɪɟɧɨɫɚ
ɤɨɧɜɟɤɰɢɟɣ Ȼɟɧɚɪɚ ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ Ɋɷɥɟɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɛɨɬɟ [21], ɝɞɟ
ɫɭɦɦɚɪɧɵɣ ɦɚɫɫɨɩɟɪɟɧɨɫ ɩɪɟɞɫɤɚɡɵɜɚɥɫɹ ɚɜɬɨɪɚɦɢ ɜ ɬɟɪɦɢɧɚɯ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ
ɡɚɤɨɧɨɜ ɫɤɟɣɥɢɧɝɚ. Ɋɚɛɨɬɚ [22] ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɚɥɶɰɟɨɛɪɚɡɨɜɚɧɢɹ
ɩɪɢ ɞɜɭɯɦɟɪɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɟɣ, ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ
ɫɥɨɟ ɫ ɡɚɞɚɧɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɩɟɪɢɨɞɨɦ ɫɬɪɭɤɬɭɪɵ (ɩɪɢɧɹɬɵ ɩɟɪɢɨɞɢɱɟ-
ɫɤɢɟ ɛɨɤɨɜɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ). ɇɚ ɩɥɨɫɤɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨ-
ɝɨ ɱɢɫɟɥ Ɋɷɥɟɹ ɛɵɥɢ ɧɚɣɞɟɧɵ ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɪɚɡɞɟɥɹɸɳɢɟ ɨɛɥɚɫɬɢ ɩɚ-
ɪɚɦɟɬɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɫɬɚɰɢɨɧɚɪɧɨɟ ɩɚɥɶ-
ɰɟɨɛɪɚɡɨɜɚɧɢɟ, ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɤɨɧɜɟɤɰɢɹ, ɧɟɪɟɝɭɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ). ɇɟɞɚɜɧɨ,
ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɟɣ ɤɨɧɜɟɤɰɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ
ɫɪɟɞɵ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɪɚɛɨɬɟ [23] ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɇɟɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɦɨɧɨɬɨɧɧɵɦ ɢ ɤɨɥɟɛɚ-
ɬɟɥɶɧɵɦ ɜɨɡɦɭɳɟɧɢɹɦ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢ ɜ ɪɚɦɤɚɯ ɥɢɧɟɣɧɨɣ ɢ
ɧɟɥɢɧɟɣɧɨɣ ɬɟɨɪɢɣ ɜɨɡɦɭɳɟɧɢɣ, ɢ ɛɵɥɚ ɩɪɟɞɫɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɠɟɫɬɤɨɝɨ
ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ ɞɜɢɠɟɧɢɣ.
ȼ ɡɚɞɚɱɚɯ ɨ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɋɨɪɟ
ɝɪɚɞɢɟɧɬɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬ ɜ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɧɚɜɹ-
ɡɵɜɚɸɬɫɹ ɨɫɨɛɵɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɤɚɤ ɩɪɢ ɞɜɨɣɧɨɣ
ɞɢɮɮɭɡɢɢ, ɚ ɨɛɵɱɧɨ ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɧɚɜɹɡɚɧɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ
ɢ ɷɮɮɟɤɬɚ ɬɟɪɦɨɞɢɮɮɭɡɢɢ, ɜ ɨɬɫɭɬɫɬɜɢɢ ɤɨɬɨɪɨɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɵɥɚ ɛɵ ɨɞɧɨ-
ɪɨɞɧɨɣ. ȼ ɪɚɛɨɬɚɯ [24,25] ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɢɥ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɥɚɜɭ-
ɱɟɫɬɢ, ɜɵɡɜɚɧɧɵɯ ɷɮɮɟɤɬɨɦ ɋɨɪɟ, ɧɚ ɤɨɧɜɟɤɬɢɜɧɭɸ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɠɢɞɤɨɣ
ɫɦɟɫɢ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɩɪɢ ɩɨɞɨɝɪɟɜɟ, ɨɛɟɫɩɟɱɢɜɚɟɦɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɝɪɚ-
ɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɤɚɫɚɸɳɢɟɫɹ ɜɨɡɛɭɠɞɟɧɢɹ
ɤɨɧɜɟɤɬɢɜɧɵɯ ɞɜɢɠɟɧɢɣ ɢ ɧɟɥɢɧɟɣɧɵɯ ɪɟɠɢɦɨɜ ɤɨɧɜɟɤɰɢɢ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ,
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ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ,
ɦɨɠɟɬ ɛɵɬɶ ɫɨɤɪɚɳɟɧɨ: ɞɨɫɬɚɬɨɱɧɨ ɱɢɫɥɚ Ɋɷɥɟɹ ɢ ɨɬɧɨɲɟɧɢɹ ɩɥɚɜɭɱɟɫɬɢ. Ȼɵɥɨ
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɢ ɡɧɚɤɚ ɨɬɧɨɲɟɧɢɹ ɩɥɚɜɭɱɟɫɬɢ ɩɨɬɟɪɹ
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɩɟɪɜɭɸ
ɨɱɟɪɟɞɶ ɥɢɛɨ ɦɨɧɨɬɨɧɧɨ, ɥɢɛɨ ɤɨɥɟɛɚɬɟɥɶɧɨ. Ɍɚ ɠɟ ɡɚɞɚɱɚ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɜ
ɪɚɛɨɬɟ [18] ɫ ɭɱɟɬɨɦ ɧɟ ɬɨɥɶɤɨ ɷɮɮɟɤɬɚ ɋɨɪɟ, ɧɨ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɫɨɩɪɹ-
ɠɟɧɧɨɝɨ ɟɦɭ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɟɪɦɨɷɮɮɟɤɬɚ Ⱦɸɮɨɪɚ (ɩɨɬɨɤ ɬɟɩɥɚ ɢɧɞɭɰɢɪɭɟɬɫɹ
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɤɨɧɰɟɧɬɪɚɰɢɢ). ȼɥɢɹɧɢɟ ɷɮɮɟɤɬɚ ɋɨɪɟ ɧɚ ɥɢɧɟɣɧɭɸ ɭɫɬɨɣ-
ɱɢɜɨɫɬɶ ɠɢɞɤɨɣ ɫɦɟɫɢ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɦɟɧɹɸɳɟɦɫɹ ɫɨ
ɜɪɟɦɟɧɟɦ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜ ɪɚɛɨɬɟ [26]. Ⱥɜɬɨɪɚɦɢ
ɨɩɪɟɞɟɥɹɥɫɹ ɩɨɪɨɝ ɜɨɡɛɭɠɞɟɧɢɹ ɞɜɭɯɦɟɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɤɚɤ ɞɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ,
ɬɚɤ ɢ ɞɥɹ ɦɨɧɨɬɨɧɧɨɣ ɦɨɞ. ɉɨɡɠɟ ɜɨɡɛɭɠɞɟɧɢɟ ɤɨɧɜɟɤɰɢɢ, ɜɵɡɜɚɧɧɨɣ ɷɮɮɟɤ-
ɬɨɦ ɋɨɪɟ, ɜ ɛɟɫɤɨɧɟɱɧɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ, ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɢ
ɫɧɢɡɭ ɢ ɫɜɟɪɯɭ, ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ [27]. ɉɨɪɨɝ ɥɢɧɟɣɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɨɩɪɟɞɟɥɹɥɫɹ ɜ ɬɟɪɦɢɧɚɯ ɨɬɧɨɲɟɧɢɹ ɩɥɚɜɭɱɟɫɬɢ, ɱɢɫɥɚ Ʌɶɸɢɫɚ ɢ ɧɨɪɦɢɪɨɜɚɧ-
ɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɫɪɟɞɵ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɢ ɱɢɫɥɟɧɧɨ ɛɵɥɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɩɥɚɜɭɱɟɫɬɢ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɬɟɪɹɟɬ
ɭɫɬɨɣɱɢɜɨɫɬɶ ɥɢɛɨ ɱɟɪɟɡ ɜɢɥɨɱɧɭɸ ɛɢɮɭɪɤɚɰɢɸ, ɥɢɛɨ ɱɟɪɟɡ ɛɢɮɭɪɤɚɰɢɸ ɏɨɩ-
ɮɚ.
ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɨɣ ɡɚɞɚɱɚɦ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɥɚɜ ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɛɨɬɚ [28], 
ɝɞɟ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢ ɱɢɫɥɟɧɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɩɨɥɚɝɚɸɬɫɹ ɡɚɞɚɧɧɵɣ ɬɟɩɥɨɜɨɣ
ɩɨɬɨɤ ɱɟɪɟɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɝɪɚɧɢɰɵ ɢ ɚɞɢɚɛɚɬɢɱɟɫɤɢɟ ɧɟɩɪɨɧɢɰɚɟɦɵɟ ɛɨɤɨ-
ɜɵɟ ɝɪɚɧɢɰɵ (ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɛɨɥɶɲɢɟ ɚɫɩɟɤɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɞɟɥɚɸɳɢɟ
ɷɬɭ ɡɚɞɚɱɭ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɡɚɞɚɱɟ ɨ ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ). Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ
ɫɩɨɫɨɛɚ ɫɨɡɞɚɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ: (1) ɧɚɜɹɡɵɜɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ
ɩɨɬɨɤɚ ɩɪɢɦɟɫɢ ɱɟɪɟɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɝɪɚɧɢɰɵ ɜ ɫɥɭɱɚɟ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɢ ɢɥɢ
(2) ɡɚ ɫɱɟɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɭɱɟɬɟ ɷɮɮɟɤɬɚ ɋɨɪɟ. Ɋɚɫ-
ɫɦɨɬɪɟɧɚ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɫɥɨɟ. Ɉɩ-
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ɪɟɞɟɥɟɧɵ ɩɨɪɨɝɢ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɟɱɧɨ-ɚɦɩɥɢɬɭɞɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɤɨɥɟɛɚ-
ɬɟɥɶɧɵɯ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ. ȼ ɩɪɢɛɥɢɠɟɧɢɢ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɝɨ ɬɟɱɟɧɢɹ
ɧɚɣɞɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɭɱɚɟ (ɢɫɯɨɞɧɨ
ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɢɫɬɟɦɚ ɨɝɪɚɧɢɱɟɧɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɢ ɩɥɨɫɤɨ-
ɩɚɪɚɥɥɟɥɶɧɨɟ ɬɟɱɟɧɢɟ ɪɟɚɥɢɡɭɟɬɫɹ ɬɨɥɶɤɨ ɜɞɚɥɢ ɨɬ ɛɨɤɨɜɵɯ ɝɪɚɧɢɰ). ɇɚ ɨɫɧɨɜɟ
ɷɬɢɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɰɟɧɢɜɚɸɬɫɹ ɤɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ Ɋɷ-
ɥɟɹ ɞɥɹ ɦɹɝɤɨɝɨ ɢ ɠɟɫɬɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɰɢɢ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɨɱɤɢ
ɛɢɮɭɪɤɚɰɢɢ ɏɨɩɮɚ ɢɫɫɥɟɞɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɯ
ɬɟɱɟɧɢɣ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ
ɩɨɥɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɤɨɧɜɟɤɰɢɢ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɯɨɪɨɲɨ ɫɨ-
ɝɥɚɫɭɸɬɫɹ ɫ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ.
ȼ ɤɨɧɬɟɤɫɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɥɚɜɚɯ ɞɢɫ-
ɫɟɪɬɚɰɢɢ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɚɛɨɬɟ [96] ɞɥɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ
ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɯɚɪɚɤɬɟɪɧɵɯ ɜɪɟɦɟɧ ɷɜɨɥɸɰɢɢ ɤɜɚɞɪɚɬɭ
ɞɥɢɧɵ ɜɨɥɧɵ ɜɨɡɦɭɳɟɧɢɣ. ȼ ɫɜɟɬɟ ɷɬɨɝɨ ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɵɦ, ɱɬɨ ɩɪɢ ɪɚɫ-
ɫɦɨɬɪɟɧɢɢ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɯ ɬɟɱɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɟɫɤɨɧɟɱɧɨɣ ɞɥɢɧɟ
ɜɨɥɧɵ, ɧɟɜɨɡɦɨɠɧɨ ɨɬɥɢɱɢɬɶ ɪɟɲɟɧɢɹ, ɹɜɥɹɸɳɢɟɫɹ ɩɪɟɞɟɥɶɧɵɦ ɫɥɭɱɚɟɦ ɤɨɥɟ-
ɛɚɬɟɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɣ, ɨɬ ɪɟɲɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɧɨɬɨɧɧɵɦ ɜɨɡɦɭɳɟ-
ɧɢɹɦ. ɗɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɪɟ-
ɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɪɚɛɨɬɟ [28] ɜ ɫɜɹɡɢ ɫ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɦ ɩɪɢɛɥɢɠɟ-
ɧɢɟɦ.
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɚɛɨɬɟ [28] ɡɚɞɚɱɚ ɨ ɥɢɧɟɣɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟ-
ɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɪɟɲɟɧɚ ɞɨ ɤɨɧɰɚ ɥɢɲɶ ɞɥɹ ɫɥɭɱɚɹ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɢ,
ɧɨ ɧɟ ɞɥɹ ɫɥɭɱɚɹ ɤɨɧɜɟɤɰɢɢ, ɜɵɡɧɚɧɨɣ ɷɮɮɟɤɬɨɦ ɋɨɪɟ.
Ⱦɥɹ ɩɨɥɧɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɨɥɨɠɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ
ɢɦɟɟɬ ɫɦɵɫɥ ɭɩɨɦɹɧɭɬɶ ɪɚɛɨɬɵ [29,30,31,32,33], ɧɟɡɚɜɢɫɢɦɨ ɩɨɹɜɢɜɲɢɟɫɹ ɩɨ-
ɫɥɟ ɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɬɵ [96]. ȼ ɪɚɛɨɬɟ [29] ɫɨɩɨɫɬɚɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ, ɚɧɚɥɨɝɢɱɧɵɯ [28,30] ([30] ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɨɞɨɥɠɟɧɢɟ [28], 
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ɩɨɤɪɵɜɚɟɦɨɟ ɪɚɛɨɬɨɣ [29]), ɞɥɹ ɤɨɧɜɟɤɰɢɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɬɜɟɪɞɨɝɨ ɫɤɟɥɟɬɚ ɢ ɜ
ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ, ɩɪɨɜɨɞɢɬɫɹ ɞɨ ɤɨɧɰɚ ɚɧɚɥɢɡ ɥɢɧɟɣɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɷɮɮɟɤɬɟ ɋɨɪɟ, ɧɟɡɚɜɟɪɲɟɧɧɵɣ ɜ [28], ɢ ɨɬɦɟɱɚ-
ɟɬɫɹ (ɤɚɤ ɢ ɜ [96]) ɪɨɫɬ ɯɚɪɚɤɬɟɪɧɵɯ ɜɪɟɦɟɧ ɷɜɨɥɸɰɢɢ ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɦɟɪɟ ɪɨɫ-
ɬɚ ɢɯ ɞɥɢɧɵ ɜɨɥɧɵ. Ɉɞɧɚɤɨ, ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɬɨɣ ɢ ɨɫɬɚɥɶ-
ɧɵɯ ɩɪɨɰɢɬɢɪɨɜɚɧɧɵɯ ɡɞɟɫɶ ɪɚɛɨɬɚɯ ɩɨ-ɩɪɟɠɧɟɦɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɛɥɢɠɟɧɢɟ
ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɝɨ ɬɟɱɟɧɢɹ. ȼ ɪɚɛɨɬɚɯ [31,32] ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ [28,30] ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ ɫɥɭɱɚɣ ɧɟɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ ɩɨɪɢɫɬɨɝɨ ɫɤɟɥɟɬɚ; ɩɪɢ ɷɬɨɦ ɜ [31] 
ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɫɥɨɹ ɩɨɥɚɝɚɟɬɫɹ ɫɜɨɛɨɞɧɨɣ, ɚ ɜ [32] – ɧɟɩɪɨɧɢɰɚɟɦɨɣ. ȼ ɪɚɛɨɬɟ
[33] ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɷɮɮɟɤɬɚ ɋɨɪɟ ɧɚ ɬɟɱɟɧɢɹ
ɢ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɬɟ-
ɱɟɧɢɣ: ɫɜɨɛɨɞɧɵɯ ɢ ɧɟɩɪɨɧɢɰɚɟɦɵɯ ɝɪɚɧɢɰɚɯ.
Ⱦɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ
ɱɟɪɟɡ ɝɪɚɧɢɰɵ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɨɤɚɡɵɜɚɟɬɫɹ ɜɨɡɦɨɠɧɚ ɞɥɢɧɧɨɜɨɥɧɨɜɚɹ
ɤɨɧɜɟɤɬɢɜɧɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɤɚɤ ɜ ɫɥɭ-
ɱɚɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɬɚɤ ɢ ɜ ɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ (ɫɦ., ɧɚɩɪɢɦɟɪ, [4,34,35]). ȼ
ɧɟɤɨɬɨɪɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɯ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɤɪɢɬɢɱɟ-
ɫɤɢɦɢ. ɉɪɢɱɟɦ ɞɥɢɧɧɨɜɨɥɧɨɜɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɩɪɢ ɬɟɪɦɨɤɨɧ-
ɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɤɨɝɞɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɨ ɥɢɛɨ ɧɚɜɹɡɵɜɚɟɬɫɹ ɡɚɞɚɧɧɵɣ ɩɨɬɨɤ ɩɪɢɦɟɫɢ ɩɪɢ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɢ,
ɥɢɛɨ ɧɟɩɪɨɧɢɰɚɟɦɵɟ ɞɥɹ ɩɪɢɦɟɫɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢ-
ɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɜɵɡɜɚɧɧɨɣ ɷɮɮɟɤɬɨɦ ɋɨɪɟ (ɤɚɤ ɷɬɨ, ɧɚɩɪɢɦɟɪ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ
ɜ ɪɚɛɨɬɚɯ [28,29,30,31,32,33,96]). 
ɉɨɦɢɦɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɝɨ ɬɟɱɟɧɢɹ, ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ
ɤɨɬɨɪɨɝɨ ɜ ɰɢɬɢɪɭɟɦɵɯ ɡɞɟɫɶ ɪɚɛɨɬɚɯ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɥɢɧɧɨ-
ɜɨɥɧɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɦɨɠɧɨ ɫɬɪɨɢɬɶ ɩɪɢɛɥɢɠɟɧɧɵɟ ɬɟɨɪɢɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɤɨ-
ɧɟɱɧɨɫɬɶ ɞɥɢɧɵ ɜɨɥɧɵ ɜɨɡɦɭɳɟɧɢɣ ɢ ɩɨɡɜɨɥɹɸɳɢɟ ɨɬɫɥɟɞɢɬɶ ɷɜɨɥɸɰɢɸ ɞɥɢɧ-
ɧɨɜɨɥɧɨɜɵɯ ɫɬɪɭɤɬɭɪ. ȼ ɪɚɛɨɬɟ [36] ɢɫɫɥɟɞɭɟɬɫɹ ɨɬɛɨɪ ɫɬɪɭɤɬɭɪ ɩɪɢ ɨɤɨɥɨɤɪɢ-
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ɬɢɱɟɫɤɨɣ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ ɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ;
ɩɨɞɨɛɧɵɟ ɠɟ ɭɪɚɜɧɟɧɢɹ ɨɩɢɫɵɜɚɸɬ ɤɨɧɜɟɤɰɢɸ ɜ ɫɥɨɟ ɬɭɪɛɭɥɟɧɬɧɨɣ ɠɢɞɤɨɫɬɢ
[37]. 
ȼ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɥɚɜɚɯ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɜɵɜɨɞɹɬɫɹ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ
ɭɪɚɜɧɟɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɜɵɡɜɚɧɧɨɣ
ɷɮɮɟɤɬɨɦ ɋɨɪɟ, ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɡɚɞɚɧɧɨɦ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɬɨɤɟ ɬɟɩ-
ɥɚ ɱɟɪɟɡ ɫɥɨɣ [96,97]. ɉɪɢɱɟɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ, ɧɚɩɪɢɦɟɪ, ɪɚɛɨɬ [36,37], ɢɫɩɨɥɶ-
ɡɭɟɦɵɟ ɭɪɚɜɧɟɧɢɹ ɫɩɪɚɜɟɞɥɢɜɵ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɣ, ɚ ɧɟ ɦɚɥɨɣ ɧɚɞɤɪɢɬɢɱɧɨɫɬɢ.
Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢ-
ɠɟɧɢɹ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨ-
ɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɩɪɨɢɡɜɨɥɶɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ. ȼ ɪɟ-
ɡɭɥɶɬɚɬɟ, ɞɥɹ ɦɨɧɨɬɨɧɧɨɣ ɦɨɞɵ ɞɨɤɚɡɵɜɚɟɬɫɹ ɫɬɪɨɝɨ, ɚ ɞɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɞɟ-
ɦɨɧɫɬɪɢɪɭɟɬɫɹ, ɱɬɨ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɜɫɟɝɞɚ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ
ɨɩɚɫɧɵɦɢ.
ɉɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ.
ȼ ɫɜɹɡɢ ɫ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɦɨɞɨɣ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ, ɜɵ-
ɡɜɚɧɧɨɣ ɷɮɮɟɤɬɨɦ ɋɨɪɟ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ
ɤɨɧɜɟɤɰɢɢ. ɉɪɢɱɟɦ, ɩɨɫɤɨɥɶɤɭ ɯɚɪɚɤɬɟɪɧɵɟ ɜɪɟɦɟɧɚ ɷɜɨɥɸɰɢɢ ɜɨɡɦɭɳɟɧɢɣ
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɤɜɚɞɪɚɬɭ ɞɥɢɧɵ ɜɨɥɧɵ, ɞɥɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɪɟ-
ɡɨɧɚɧɫɧɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɦɟɞɥɟɧɧɵɟ ɱɚɫɬɨɬɵ, ɤɨɬɨɪɵɟ ɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ
ɩɟɪɜɨɣ ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ.
ȼɢɛɪɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ (ɜɤɥɸɱɚɹ
ɬɟɪɦɨɤɨɧɜɟɤɬɢɜɧɵɟ) ɢɦɟɟɬ ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɩɪɢɥɨɠɟɧɢɹ: ɧɚɩɪɢɦɟɪ, ɜɢɛ-
ɪɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ,
ɫɦɟɫɢɬɟɥɹɯ, ɫɟɩɚɪɚɬɨɪɚɯ ɦɢɧɟɪɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɫɢɫɬɟɦɚɯ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ
ɤɪɢɫɬɚɥɥɨɜ. ɗɬɢ ɩɪɢɥɨɠɟɧɢɹ ɨɛɭɫɥɨɜɢɥɢ ɛɨɥɶɲɨɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɤ ɡɚ-
ɞɚɱɚɦ ɨ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜɨ ɜɪɟ-
ɦɟɧɢ (ɧɚɩɪɢɦɟɪ, ɜɢɛɪɚɰɢɹɯ) ɢ ɦɧɨɠɟɫɬɜɨ ɪɚɛɨɬ. Ɉɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɢɫ-
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ɫɥɟɞɨɜɚɧɢɹɯ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɧɚ ɨɫɧɨɜɟ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ,
ɦɨɧɨɝɪɚɮɢɢ [38], ɚ ɨɫɧɨɜɧɵɟ ɪɚɧɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤɨɝɨ ɬɢɩɚ ɨɬɪɚɠɟɧɵ, ɧɚ-
ɩɪɢɦɟɪ, ɜ ɨɛɡɨɪɟ [39] ɢ ɦɨɧɨɝɪɚɮɢɹɯ [34,35]. 
ɋɪɟɞɢ ɛɨɥɟɟ ɩɨɡɞɧɢɯ ɢ ɛɥɢɡɤɢɯ ɤ ɡɚɞɚɱɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɞɚɧɧɨɣ ɞɢɫ-
ɫɟɪɬɚɰɢɢ, ɪɚɛɨɬ ɫɥɟɞɭɟɬ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɪɚɛɨɬɚɯ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɸ
ɜɥɢɹɧɢɹ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɤɨɧɜɟɤɰɢɸ ɜ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ [40,41,42,43]. ȼ ɪɚɛɨɬɟ [40] ɢɫɫɥɟɞɭɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɬɟɪɦɨ-
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɜɵɡɜɚɧɧɨɣ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɟɣ, ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ
ɫɪɟɞɵ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɤɨɬɨɪɨɝɨ ɩɟɪɢɨɞɢɱɟɫɤɢ ɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟ-
ɦɟɧɢ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ Ɏɥɨɤɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɨɞɭɥɹɰɢɹ ɦɨɠɟɬ ɩɨɧɢ-
ɠɚɬɶ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɱɢɫɥɚ Ɋɷɥɟɹ. Ɉɞɧɚɤɨ, ɧɢ ɩɪɢ ɤɚɤɢɯ ɢɡ
ɪɚɫɫɦɚɬɪɢɜɚɜɲɢɯɫɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɭɥɹɰɢɹ ɧɚɝɪɟɜɚ ɧɟ ɩɪɢɜɨɞɢɥɚ ɤ
ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.
ȼ ɪɚɛɨɬɟ [41] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ
ɜɢɛɪɚɰɢɣ ɧɚ ɤɨɧɜɟɤɰɢɸ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɞɜɨɣɧɨɣ ɞɢɮɮɭɡɢɟɣ, ɜ ɞɜɭɯɦɟɪɧɨɣ
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɨɥɨɫɬɢ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɪɚɡɧɨɫɬɹɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɦɟɠɞɭ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɝɪɚɧɢɰɚɦɢ. Ɉɩɪɟɞɟɥɟɧɵ ɝɪɚɧɢɰɵ ɥɢɧɟɣɧɨɣ ɭɫ-
ɬɨɣɱɢɜɨɫɬɢ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɨɧɨɬɨɧɧɵɦ ɢ
ɤɨɥɟɛɚɬɟɥɶɧɵɦ ɜɨɡɦɭɳɟɧɢɹɦ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɨɞɭɥɹɰɢɢ ɧɚɝɪɟɜɚ [40], ɦɨɞɭɥɹɰɢɹ
ɫɢɥɵ ɬɹɠɟɫɬɢ ɦɨɠɟɬ ɤɚɤ ɩɨɧɢɠɚɬɶ ɩɨɪɨɝ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ ɞɜɢɠɟɧɢɣ
ɩɪɢ ɨɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤ ɢ ɩɨɜɵɲɚɬɶ ɟɝɨ ɩɪɢ ɞɪɭɝɢɯ. Ɍɚɤɠɟ ɩɪɨ-
ɚɧɚɥɢɡɢɪɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɢɛɪɚɰɢɣ ɧɚ ɫɬɪɭɤɬɭɪɭ ɬɟɱɟɧɢɣ ɜɛɥɢɡɢ ɛɢɮɭɪɤɚɰɢɢ.
Ɉɩɪɟɞɟɥɟɧɨ, ɜ ɤɚɤɢɯ ɞɢɚɩɚɡɨɧɚɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɛɭɠɞɟɧɢɟ ɤɨɧɜɟɤɰɢɢ ɩɪɨɢɫɯɨ-
ɞɢɬ ɠɟɫɬɤɨ, ɚ ɜ ɤɚɤɢɯ – ɦɹɝɤɨ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɢ ɢɥɥɸɫɬɪɚɰɢɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɩɪɹɦɨɟ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ.
Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [42] ɜɧɨɜɶ ɜɨɡɜɪɚɳɚɸɬɫɹ ɤ ɥɢɧɟɣɧɨɦɭ ɚɧɚɥɢɡɭ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɡɚɞɚɱɟ ɨ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɦɨɞɭɥɹɰɢɢ
ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɚɧɢɰɵ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɧɚɫɵɳɟɧɧɨɣ ɛɢɧɚɪɧɨɣ ɫɦɟɫɶɸ. Ɉɞɧɚɤɨ,
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ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɧɢɡɨɬɪɨɩɧɚɹ ɩɨɪɢɫɬɚɹ ɫɪɟɞɚ ɢ ɭɱɢɬɵɜɚɸɬɫɹ
ɢɧɟɪɰɢɨɧɧɵɟ ɫɥɚɝɚɟɦɵɟ ɜ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ. ɉɪɢ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞɚɯ
ɢ ɭɦɟɪɟɧɧɵɯ ɱɚɫɬɨɬɚɯ ɦɨɞɭɥɹɰɢɢ ɤɪɢɬɢɱɟɫɤɢɟ ɱɢɫɥɨ Ɋɷɥɟɹ ɢ ɜɨɥɧɨɜɨɣ ɜɟɤɬɨɪ
ɜɵɱɢɫɥɹɸɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɵɛɨɪɨɦ ɱɚɫ-
ɬɨɬɵ ɦɨɞɭɥɹɰɢɢ ɦɨɠɧɨ ɤɚɤ ɩɨɧɢɡɢɬɶ, ɬɚɤ ɢ ɩɨɜɵɫɢɬɶ ɩɨɪɨɝ ɥɢɧɟɣɧɨɣ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɫɢɫɬɟɦɵ.
ȿɞɢɧɫɬɜɟɧɧɨɣ ɪɚɛɨɬɨɣ (ɩɨɦɢɦɨ [96]), ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɪɦɨ-
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ, ɜɵɡɜɚɧɧɚɹ ɷɮɮɟɤɬɨɦ ɋɨɪɟ, ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɩɪɢ
ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ, ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ [43]. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɜɢɛɪɚɰɢɨɧɧɨɟ ɜɨɡ-
ɞɟɣɫɬɜɢɟ ɩɨɥɚɝɚɟɬɫɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ. Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɢ ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɜɵɹɜɢɥɢ, ɱɬɨ ɜɟɪɬɢɤɚɥɶɧɵɟ ɜɢɛɪɚɰɢɢ ɨɤɚɡɵɜɚɸɬ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɜɨɡɞɟɣ-
ɫɬɜɢɟ ɤɚɤ ɧɚ ɦɨɧɨɬɨɧɧɭɸ, ɬɚɤ ɢ ɧɚ ɤɨɥɟɛɚɬɟɥɶɧɭɸ ɦɨɞɵ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɪɚ-
ɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ – ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɩɪɨɫ ɨ ɪɟɡɨɧɚɧɫɧɨɦ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɜɨɡɛɭɠɞɟɧɢɢ
ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɜɵɡɜɚɧɧɨɣ ɷɮɮɟɤɬɨɦ ɋɨɪɟ, ɜ ɩɨɪɢɫɬɨɣ
ɫɪɟɞɟ, ɧɟ ɨɫɜɟɳɟɧ ɜ ɞɨɫɬɭɩɧɨɣ ɥɢɬɟɪɚɬɭɪɟ.
ɂɫɬɨɱɧɢɤɨɜɵɟ ɪɟɲɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɟɣ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ
ɜɵɡɵɜɚɟɬ ɪɚɡɜɢɬɢɟ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ɨɬ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩ-
ɥɚ. Ⱦɥɹ ɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɪɚɫ-
ɫɦɚɬɪɢɜɚɥɫɹ ɤɨɧɜɟɤɬɢɜɧɵɣ ɮɚɤɟɥ ɤɚɤ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɜ ɛɟɫɤɨɧɟɱɧɨɣ
ɫɪɟɞɟ, ɬɚɤ ɢ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɥɢɧɟɣɧɨɝɨ. ɋɪɟɞɢ ɧɟɞɚɜɧɢɯ ɪɚɛɨɬ, ɩɪɟɞɫɬɚɜ-
ɥɹɸɳɢɯ ɢɧɬɟɪɟɫɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɤɪɚɬɤɢɟ ɨɛɡɨɪɵ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɛɥɟɦ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɪɚɛɨɬɵ [44,45], ɝɞɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ
ɤɨɧɜɟɤɬɢɜɧɵɣ ɮɚɤɟɥ ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ Ƚɪɚɫɝɨɮɚ ɨɤɨɥɨ ɬɨɱɟɱɧɨ-
ɝɨ/ɫɮɟɪɢɱɟɫɤɨɝɨ ɢ ɥɢɧɟɣɧɨɝɨ/ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ, ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, ɢ ɪɚɛɨɬɭ [46], ɝɞɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɥɢɧɟɣɧɵɣ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ ɩɪɢ ɱɢɫɥɚɯ
Ɋɷɥɟɹ ɜ ɞɢɚɩɚɡɨɧɟ 104–108.
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɮɚɤɟɥɚ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɥɢ ɥɢɧɟɣɧɨɝɨ ɢɫɬɨɱ-
ɧɢɤɚ ɬɟɩɥɚ ɜ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɦɚɫɫɢɜɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɜɩɟɪɜɵɟ ɛɵɥɨ ɩɪɟɞɫɬɚɜ-
ɥɟɧɨ ɜ ɪɚɛɨɬɟ [47]. ȼ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɚɦɨɩɨ-
ɞɨɛɧɵɟ ɫɬɚɰɢɨɧɚɪɧɵɟ ɪɟɲɟɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɜɲɢɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ
ɱɢɫɥɚ Ɋɷɥɟɹ. ȼɨɩɪɨɫ ɨɛ ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɩɨɝɪɚɧɫɥɨɣɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ ɡɚ-
ɞɚɱɢ ɬɚɤɨɝɨ ɬɢɩɚ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɪɟɜɢɡɢɢ ɜ [48]. ɉɨɡɠɟ, ɜ ɪɚɛɨɬɟ [49] ɛɵɥɨ
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɤɪɢɬɢɤɭ, ɩɪɢɜɟɞɟɧɧɭɸ ɜ [48], ɩɨɝɪɚɧɫ-
ɥɨɣɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɤɨɧɜɟɤ-
ɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ. ɋɚɦɨɩɨɞɨɛɧɵɟ
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛ ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɦ ɤɨɧɜɟɤɬɢɜɧɨɦ ɮɚɤɟɥɟ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ,
ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɨɝɪɚɧɫɥɨɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɤɠɟ ɜ [50], ɚ ɤɨɧ-
ɜɟɤɰɢɹ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɛɵɥɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɚɧɚɥɢɬɢ-
ɱɟɫɤɢ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɪɚɛɨɬɟ [51]. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ Ɋɟɣ-
ɧɨɥɶɞɫɚ, ɫɜɹɡɚɧɧɵɯ ɫ ɦɚɫɲɬɚɛɨɦ ɩɨɪ, ɩɪɢɛɥɢɠɟɧɢɟ Ⱦɚɪɫɢ ɫɬɚɧɨɜɢɬɫɹ ɧɟɞɟɣɫɬ-
ɜɢɬɟɥɶɧɵɦ, ɜ ɪɚɛɨɬɟ [52] ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɨɧɜɟɤɰɢɢ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩ-
ɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ Ɏɨɪɯɚɣɦɟɪɚ. ȼ ɪɚɛɨɬɟ [53] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɜɨ-
ɛɨɞɧɚɹ, ɬɚɤ ɢ ɜɵɧɭɠɞɟɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɥɢɧɟɣɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩ-
ɥɚ ɢɥɢ ɧɚɝɪɟɜɚɟɦɨɝɨ ɰɢɥɢɧɞɪɚ.
ȿɞɢɧɫɬɜɟɧɧɨɣ ɪɚɛɨɬɨɣ, ɩɨɫɜɹɳɟɧɧɨɣ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ
ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ, ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ [54], ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɬɫɹ ɞɜɨɣɧɚɹ ɞɢɮɮɭɡɢɹ ɜɨɤɪɭɝ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɜ ɧɟ-
ɨɝɪɚɧɢɱɟɧɧɨɦ ɨɛɴɟɦɟ.
ȼ ɪɚɛɨɬɟ [97] ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢɫɬɨɱɧɢɤɨɜɵɟ ɬɟɱɟɧɢɹ ɞɪɭɝɨɝɨ ɬɢɩɚ – ɷɬɨ
ɬɟɱɟɧɢɹ ɨɬ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ ɜ ɬɨɧɤɨɦ ɫɥɨɟ ɩɨɪɢɫ-
ɬɨɣ ɫɪɟɞɵ, ɚ ɧɟ ɜ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɪɢɱɟɦ, ɷɮɮɟɤɬɢɜɧɨ, ɛɥɚɝɨɞɚ-
ɪɹ ɤɨɧɜɟɤɬɢɜɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ, ɢɫɫɥɟɞɭɟɦɵɟ ɜ [97], ɦɨ-
ɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɩɪɨɰɟɫɫɵ ɜ ɚɤɬɢɜɧɨɣ ɫɪɟɞɟ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɜ ɩɪɢɜɟ-
ɞɟɧɧɵɯ ɜɵɲɟ ɩɪɢɦɟɪɚɯ ɫɪɟɞɚ ɜɫɟɝɞɚ ɞɢɫɫɢɩɚɬɢɜɧɚɹ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɢɫɫɥɟ-
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ɞɨɜɚɧɢɸ ɩɨɫɜɹɳɟɧɚ ɜɬɨɪɚɹ ɝɥɚɜɚ ɞɢɫɫɟɪɬɚɰɢɢ. Ɇɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɤɚ-
ɡɵɜɚɸɳɢɟɫɹ ɜɨɡɦɨɠɧɵɦɢ ɪɟɠɢɦɵ ɬɟɱɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɛɥɚɫɬɢ ɞɥɢɧɧɨɜɨɥɧɨ-
ɜɨɝɨ ɬɟɱɟɧɢɹ ɜɛɥɢɡɢ ɢɫɬɨɱɧɢɤɚ ɢ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɪɚɡɞɟɥɟɧɵ ɤɨɥɶɰɚɦɢ ɤɨɪɨɬ-
ɤɨɜɨɥɧɨɜɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ, ɧɟ ɹɜɥɹɸɬɫɹ ɭɧɢɤɚɥɶɧɵɦɢ ɜ ɫɜɨɟɦ ɪɨɞɟ.
Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɬɚɤɨɝɨ ɪɨɞɚ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ
ɹɜɥɹɟɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɫɤɚɱɨɤ, ɜɨɡɧɢɤɚɸɳɢɣ ɩɪɢ ɪɚɫɬɟɤɚɧɢɢ ɫɬɪɭɢ ɠɢɞɤɨɫɬɢ
ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ [55]. 
Ʌɨɤɚɥɢɡɚɰɢɹ ɬɟɱɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɪɢ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨ-
ɪɨɞɧɨɦ ɧɚɝɪɟɜɟ. ȼɩɟɪɜɵɟ ɥɨɤɚɥɢɡɚɰɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɜ
ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. Ⱥ ɢɦɟɧɧɨ, Ⱥɧɞɟɪɫɨɧ (Anderson) ɜ ɪɚɛɨɬɟ [56] 
ɪɚɫɫɦɚɬɪɢɜɚɥ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɜɲɭɸ ɬɚɤɢɟ ɩɪɨɛɥɟɦɵ, ɤɚɤ ɞɢɮ-
ɮɭɡɢɹ ɫɩɢɧɨɜ, ɧɚɛɥɸɞɚɜɲɚɹɫɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ [57] (ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɬɟɨɪɢɹ
Ⱥɧɞɟɪɫɨɧɚ ɨɬɜɟɱɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹɦ [58,59]), ɢɥɢ ɩɪɨɜɨɞɢɦɨɫɬɶ (ɩɨɫɥɟɞɧɹɹ
ɩɪɨɛɥɟɦɚ ɡɚɬɪɚɝɢɜɚɟɬɫɹ ɜ ɤɨɧɬɟɤɫɬɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɜɹɡɚɧɧɵɯ ɫɨ-
ɫɬɨɹɧɢɣ ɷɥɟɤɬɪɨɧɨɜ) ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɩɪɢ ɧɚɥɢɱɢɢ ɫɥɭɱɚɣɧɨ ɪɚɫɩɪɟɞɟɥɟɧ-
ɧɵɯ ɩɪɢɦɟɫɟɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɡɚ ɷɮɮɟɤɬɚɦɢ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ ɫɨ ɫɥɭ-
ɱɚɣɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɩɚɪɚɦɟɬɪɨɜ ɡɚɤɪɟɩɢɥɨɫɶ ɧɚɡɜɚɧɢɟ "ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨ-
ɧɚ".
Ʉɥɚɫɫɢɱɟɫɤɢɦ ɜɚɪɢɚɧɬɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɨ ɥɨɤɚɥɢɡɚ-
ɰɢɢ Ⱥɧɞɟɪɫɨɧɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɞɢɫɤɪɟɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɢɧɝɟɪɚ
ɞɥɹ ɱɚɫɬɢɰɵ ɜ ɫɥɭɱɚɣɧɨɦ ɩɨɬɟɧɰɢɚɥɟ:
( )d j j j jU EZ Z Z % + =G G G G , (I.3) 
ɝɞɟ j
G
 – ɜɟɤɬɨɪ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɰɟɥɵɟ ɱɢɫɥɚ,
j
ZG  – ɚɦɩɥɢɬɭɞɚ
ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ ɷɥɟɤɬɪɨɧɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ j
G
-ɝɨ ɭɡɥɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬ-
ɤɢ, d%  – ɞɢɫɤɪɟɬɧɵɣ ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɡ-
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ɦɟɪɧɨɫɬɢ,
j
U G  – ɩɨɬɟɧɰɢɚɥ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɩɨɥɚɝɚɟɬɫɹ ɫɥɭɱɚɣɧɨɣ ɝɚ-
ɭɫɫɨɜɫɤɨɣ ɜɟɥɢɱɢɧɨɣ, ɡɧɚɱɟɧɢɹ ɜ ɫɨɫɟɞɧɢɯ ɭɡɥɚɯ ɧɟɡɚɜɢɫɢɦɵ, E  – ɷɧɟɪɝɢɹ
ɞɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɧɚ. Ⱥɤɤɭɪɚɬɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɥɨɤɚ-
ɥɢɡɚɰɢɢ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ (I.3) ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɜ ɪɚɛɨɬɟ [60]. ɋɪɟɞɢ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɷɬɢɯ ɪɚɛɨɬ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɝɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ ɜ ɨɞɧɨɦɟɪɧɨɦ
ɫɥɭɱɚɟ ɨɤɚɡɵɜɚɸɬɫɹ ɥɨɤɚɥɢɡɨɜɚɧɵ ɫɨɫɬɨɹɧɢɹ ɫ ɥɸɛɨɣ ɷɧɟɪɝɢɟɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ
ɜ ɞɜɭɯ- ɢ ɬɪɟɯɦɟɪɧɵɯ ɫɥɭɱɚɹɯ ɜɨɡɦɨɠɧɵ ɤɚɤ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ, ɬɚɤ ɢ ɧɟɥɨɤɚɥɢ-
ɡɨɜɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ.
Ⱦɪɭɝɢɦ ɤɥɚɫɫɢɱɟɫɤɢɦ ɜɚɪɢɚɧɬɨɦ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɫɬɚɰɢɨɧɚɪ-
ɧɨɟ ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɢɧɝɟɪɚ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɧɨ ɫ ɩɨɬɟɧɰɢɚɥɨɦ ɜ
ɜɢɞɟ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ ɲɭɦɚ. ɉɨɞɪɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɚɤɨɣ ɡɚɞɚɱɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɜ ɦɨɧɨɝɪɚɮɢɢ [61] (ɚ ɜ ɦɨɧɨɝɪɚɮɢɢ [62], ɧɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɧɚɣɬɢ ɢɫ-
ɫɥɟɞɨɜɚɧɢɟ ɚɧɚɥɨɝɢɱɧɨɣ, ɞɨ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ, ɩɨ ɞɭɯɭ ɫɜɨɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ
ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɫɜɟɬɚ ɜ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ).
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ ɥɨɤɚɥɢɡɚɰɢɢ ɪɟɲɟɧɢɣ ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ ɜ [61] ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɨɫɬɚ (ɩɨɤɚɡɚɬɟɥɶ ɥɨɤɚɥɢɡɚɰɢɢ),
ɤɨɬɨɪɵɣ ɮɚɤɬɢɱɟɫɤɢ ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ Ʌɹɩɭɧɨɜɚ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɫɤɨɪɨɫɬɶ
ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ (ɧɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ) ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɨɫɬɚ ɜɨɡɦɭ-
ɳɟɧɢɣ ɪɟɲɟɧɢɹ ɜ ɫɬɨɯɚɫɬɢɱɟɫɤɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɭɪɚɜɧɟɧɢɢ ɩɨ ɦɟɪɟ ɞɜɢ-
ɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ.
Ɂɚɞɚɱɚ ɨɛ ɨɬɵɫɤɚɧɢɢ ɩɨɤɚɡɚɬɟɥɹ ɥɨɤɚɥɢɡɚɰɢɢ (ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ) ɞɚɠɟ
ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɒɪɟɞɢɧɝɟɪɚ ɫ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɜɢɞɟ ɛɟɥɨɝɨ (E -
ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ) ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ Ɏɨɤɤɟɪɚ–
ɉɥɚɧɤɚ ɞɥɹ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ ɢ ɨɤɚɡɵɜɚɟɬɫɹ
ɞɨɫɬɚɬɨɱɧɨ ɝɪɨɦɨɡɞɤɨɣ. ȿɫɥɢ ɥɢɧɟɣɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɫɬɨɯɚɫɬɢɱɟɫɤɨɟ
ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɩɨɪɹɞɨɤ ɜɵɲɟ ɜɬɨɪɨɝɨ, ɬɨ ɭɪɚɜɧɟɧɢɟ Ɏɨɤɤɟɪɚ–ɉɥɚɧɤɚ ɫɥɟɞɭɟɬ
ɪɟɲɚɬɶ ɜ ɦɧɨɝɨɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ (ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɢ ɧɟɤɨɬɨ-
ɪɵɟ ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ) – ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɷɬɨɣ
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ɡɚɞɚɱɢ ɜ ɨɛɨɛɳɟɧɧɨɦ ɫɥɭɱɚɟ ɧɟɜɨɡɦɨɠɧɨ. Ɉɞɧɚɤɨ, ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɦɨɠɟɬ
ɛɵɬɶ ɨɰɟɧɟɧ, ɩɪɢ ɩɨɦɨɳɢ ɩɨɤɚɡɚɬɟɥɟɣ ɪɨɫɬɚ ɦɨɦɟɧɬɨɜ ɩɨɥɟɣ, ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ
ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ, ɩɨɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥɚɧɨ ɜ ɪɚɛɨɬɟ [63]. Ⱦɥɹ ɚɧɚ-
ɥɢɬɢɱɟɫɤɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɩɨɫɥɟɞɧɢɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɦɨɧɨɝɪɚ-
ɮɢɢ [62] ɞɥɹ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɛɟɥɵɦ ɲɭɦɨɦ ɜ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚɯ.
Ⱦɥɹ ɩɨɥɧɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ
ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨɧɚ ɜɨɡɦɨɠɧɚ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɫɥɭɱɚɣ-
ɧɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ, ɧɨ ɢ ɩɪɢ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɨɣ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɩɨɤɚ-
ɡɚɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɚɯ [64,65]. 
ȼɫɥɟɞ ɡɚ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨɧɚ
ɧɚɛɥɸɞɚɥɚɫɶ ɢ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ. ɇɚɩɪɢɦɟɪ, ɜ ɨɛɡɨɪɧɨɣ ɪɚɛɨɬɟ
[66], ɝɞɟ ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɲɢɪɧɵɣ ɪɚɡɛɨɪ ɚɤɭɫɬɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɚɧɚɥɨɝɢɱɧɵɯ
ɩɪɨɛɥɟɦɚɦ ɮɢɡɢɤɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ, ɨɬɞɟɥɶɧɨɟ ɜɧɢɦɚ-
ɧɢɟ ɭɞɟɥɹɟɬɫɹ ɥɨɤɚɥɢɡɚɰɢɢ Ⱥɧɞɟɪɫɨɧɚ ɜ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. ȼ ɪɚɛɨɬɟ [67] 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɫɬɟɣɲɢɟ ɜɚɪɢɚɧɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɞɧɨɦɟɪɧɨɣ ɢ ɦɧɨɝɨ-
ɦɟɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ Ⱥɧɞɟɪɫɨɧɚ (ɞɢɫɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ) ɜ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ.
ȼ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬɚɯ [68,69] ɢɫɫɥɟɞɭɸɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɫɢɫɬɟ-
ɦɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɜ [67] ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɨɞɧɨɦɟɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ Ⱥɧɞɟɪɫɨ-
ɧɚ: ɞɨɛɚɜɥɹɟɬɫɹ ɛɟɫɩɨɪɹɞɨɤ ɜ ɫɢɥɟ ɫɜɹɡɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ. ȼ ɪɚɛɨɬɟ [70] ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ ɦɧɨɝɨɦɟɪɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨɧɚ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɚɤɭɫɬɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɟ (ɥɨɤɚɥɢɡɚɰɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ).
ɉɪɢ ɷɬɨɦ ɭɩɨɦɢɧɚɧɢɹ ɡɚɞɚɱ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɤɨɧɜɟɤɬɢɜ-
ɧɵɯ ɬɟɱɟɧɢɣ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɜɫɬɪɟɱɚɟɬɫɹ, ɯɨɬɹ ɡɚɞɚɱɢ ɬɚɤɨɝɨ
ɬɢɩɚ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɧɬɟɪɟɫ, ɧɚɩɪɢɦɟɪ, ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɜ ɪɟɚɥɶɧɵɯ
ɫɢɫɬɟɦɚɯ ɧɟɜɨɡɦɨɠɧɨ ɩɨɥɧɨɫɬɶɸ ɢɡɛɟɠɚɬɶ ɫɥɭɱɚɣɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɧɟɨɞ-
ɧɨɪɨɞɧɨɫɬɟɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ, ɜ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɩɥɨ-
ɜɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɫɨ ɫɥɭɱɚɣɧɨɣ
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ɫɬɚɰɢɨɧɚɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɧɚɝɪɟɜɚ [98], ɨɛɟɫɩɟɱɢɜɚɟ-
ɦɨɝɨ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɞɚɧɧɨɝɨ ɩɨɬɨɤɚ ɬɟɩɥɚ ɱɟɪɟɡ ɫɥɨɣ. Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ,
ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɫɢɫɬɟɦɟ ɩɪɢ ɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ ɜɨɡɦɨɠɧɚ ɞɥɢɧɧɨɜɨɥɧɨɜɚɹ
ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ, ɢ ɫɢɫɬɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɦɟɧɧɨ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢ-
ɠɟɧɢɢ. ɉɪɟɞɫɬɚɜɥɟɧ ɜɵɜɨɞ ɭɪɚɜɧɟɧɢɣ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɜɛɥɢɡɢ ɩɨɪɨ-
ɝɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚɝɪɟɜɚ (ɞɪɭɝɨɣ ɩɪɢɦɟɪ
ɭɪɚɜɧɟɧɢɣ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚ-
ɝɪɟɜɟ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ [72]). 
Ɋɚɧɟɟ, ɜ ɪɚɛɨɬɟ [73], ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɫɥɭɱɚɣɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ
ɥɨɤɚɥɶɧɨɣ ɧɚɞɤɪɢɬɢɱɧɨɫɬɢ ɧɚ ɩɨɪɨɝ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɨɞɧɨɦɟɪɧɨɦ ɭɪɚɜɧɟɧɢɢ
Ʌɚɧɞɚɭ–Ƚɢɧɡɛɭɪɝɚ, ɧɨ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɪɟɲɟɧɢɣ ɜ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɦ ɜɚɪɢ-
ɚɧɬɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɬɚɤɨɜɵɯ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɭɪɚɜɧɟɧɢɢ ɒɪɟ-
ɞɢɧɝɟɪɚ ɫ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ, ɨɩɢɫɚɧɧɵɯ ɜ [61]. 
Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɮɢɝɭɪɢɪɭɸɳɚɹ ɜ ɬɪɟɬɶɟɣ ɝɥɚɜɟ, ɨɩɢɫɵɜɚɟɬɫɹ
ɭɪɚɜɧɟɧɢɟɦ, ɥɢɧɟɚɪɢɡɚɰɢɹ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɟɞɟɧɚ ɤ ɭɩɨɦɹɧɭɬɨɦɭ ɭɪɚɜ-
ɧɟɧɢɸ ɒɪɟɞɢɧɝɟɪɚ ɥɢɲɶ ɜ ɨɬɫɭɬɫɬɜɢɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨ-
ɫɬɢ ɱɟɪɟɡ ɫɥɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɬɶ ɫɭɳɟɫɬɜɟɧɧɚɹ ɪɚɡɧɢɰɚ ɜ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɷɮ-
ɮɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɮɨɪɦɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɪɚɡ-
ɧɵɟ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɫɢɫɬɟɦɵ.
ȼ ɫɜɟɬɟ ɜɫɟɝɨ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ, ɬɪɟɬɶɹ ɝɥɚɜɚ ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɚ ɩɨ-
ɫɜɹɳɟɧɚ ɚɧɚɥɢɡɭ ɜɨɩɪɨɫɚ ɨɛ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɥɨɤɚɥɢɡɚɰɢɢ ɮɨɪɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ
ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɬɟɩɥɨɜɭɸ ɤɨɧɜɟɤɰɢɸ ɜ
ɬɨɧɤɨɦ ɫɥɨɟ ɩɪɢ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ, ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɧɚ
ɷɬɢ ɫɜɨɣɫɬɜɚ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɧɚɛɥɸɞɟɧɢɸ ɩɪɨɹɜɥɟɧɢɹ ɷɬɢɯ ɫɜɨɣɫɬɜ ɜ
ɢɫɯɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ.
ɋɢɧɯɪɨɧɢɡɚɰɢɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɲɭɦɨɦ. ȼ ɬɟɨɪɢɢ ɫɬɨɯɚɫ-
ɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɫɢɬɭɚɰɢɢ, ɬɪɟɛɭɸɳɢɟ ɨɫɪɟɞɧɟɧɢɹ
ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬɫɹ ɞɜɚ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɪɭɝɚ ɡɚɞɚɱ, ɫɜɹɡɚɧ-
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ɧɵɯ ɫ ɨɫɪɟɞɧɟɧɢɟɦ ɜɞɨɥɶ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ.
Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɹɜɥɟɧɢɣ, ɧɚɛɥɸɞɚɟɦɵɯ ɜ ɷɬɢɯ ɡɚɞɚɱɚɯ, ɜ ɬɨɣ ɢɥɢ
ɢɧɨɣ ɫɬɟɩɟɧɢ ɮɚɤɬɢɱɟɫɤɢ ɫɜɹɡɚɧɨ ɫ ɜɵɱɢɫɥɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ. Ⱦɥɹ
ɮɢɝɭɪɢɪɭɸɳɢɯ ɜ ɬɚɤɢɯ ɡɚɞɚɱɚɯ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɤɚɡɚɬɟɥɢ Ʌɹɩɭɧɨɜɚ
ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɨɧɢ ɨɩɢɫɵɜɚɸɬ ɷɜɨɥɸɰɢɸ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ
ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ, ɬ.ɟ. ɨɩɢɫɵɜɚɸɬ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ ɨɬɤɥɢɤɚ ɧɟ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɲɭɦɚ, ɚ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ.
ɉɟɪɜɵɣ ɤɪɭɝ ɡɚɞɚɱ ɫɜɹɡɚɧ ɫ ɹɜɥɟɧɢɹɦɢ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ
ɫɢɫɬɟɦɚɯ ɫɨ ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɩɚɪɚɦɟɬɪɨɜ – ɡɚɞɚɱɚ ɬɚ-
ɤɨɝɨ ɬɢɩɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɬɪɟɬɶɟɣ ɝɥɚɜɟ. ȼɬɨɪɨɣ ɤɪɭɝ ɡɚɞɚɱ ɭɩɨɦɹɧɭɬɨɝɨ ɬɢ-
ɩɚ ɫɜɹɡɚɧ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɲɭɦɨɦ, ɢ ɧɟɤɨɬɨɪɵɦ
ɨɛɳɢɦ ɪɟɡɭɥɶɬɚɬɚɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɩɨɫɜɹɳɟɧɚ ɱɟɬɜɟɪɬɚɹ ɝɥɚɜɚ
ɞɢɫɫɟɪɬɚɰɢɢ.
Ɉɫɧɨɜɧɵɦ ɷɮɮɟɤɬɨɦ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɲɭɦɚ ɧɚ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɚɜɬɨɤɨɥɟ-
ɛɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɞɢɮɮɭɡɢɢ ɮɚɡɵ: ɚɜɬɨɤɨɥɟɛɚɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɧɟɢɞɟɚɥɶ-
ɧɵɦɢ [74,75]. Ɉɞɧɚɤɨ ɲɭɦ ɦɨɠɟɬ ɢɝɪɚɬɶ ɢ ɭɩɨɪɹɞɨɱɢɜɚɸɳɭɸ ɪɨɥɶ, ɜ ɱɚɫɬɧɨɫɬɢ
ɫɢɧɯɪɨɧɢɡɨɜɚɬɶ ɚɜɬɨɤɨɥɟɛɚɧɢɹ. ȿɫɥɢ ɧɚ ɞɜɟ ɨɞɢɧɚɤɨɜɵɟ (ɢɥɢ ɫɥɚɛɨ ɨɬɥɢɱɚɸ-
ɳɢɟɫɹ) ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɞɟɣɫɬɜɭɟɬ ɨɛɳɢɣ ɲɭɦ, ɬɨ ɢɯ ɫɨɫɬɨɹɧɢɹ ɦɨ-
ɝɭɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɬɨɝɨ ɲɭɦɚ ɫɢɧɯɪɨɧɢɡɨɜɚɬɶɫɹ. ɗɬɨɬ ɷɮɮɟɤɬ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɡɧɚɤɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ, ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɚɜɬɨɤɨɥɟɛɚɧɢ-
ɹɯ ɨɧ ɨɬɜɟɱɚɟɬ ɧɚɩɪɚɜɥɟɧɢɸ ɜɞɨɥɶ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ. Ⱦɥɹ ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦ
ɨɧ ɧɭɥɟɜɨɣ, ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɜ ɨɩɢɫɚɧɧɨɦ ɜɵɲɟ ɫɦɵɫɥɟ ɧɟɬ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ
ɲɭɦɚ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɦɨɠɟɬ ɫɬɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɦ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɫɢɧɯɪɨ-
ɧɢɡɚɰɢɸ.
ɗɮɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɹɜɥɟɧɢɟɦ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɛɳɟɝɨ ɜɧɟɲɧɟɝɨ ɲɭɦɚ, ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɮɢɝɭɪɢɪɭ-
ɸɬ ɩɨɞ ɪɚɡɧɵɦɢ ɧɚɡɜɚɧɢɹɦɢ. ȼ ɧɟɣɪɨɮɢɡɢɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ "ɧɚ-
ɞɟɠɧɨɫɬɢ" ("reliability") ɧɟɣɪɨɧɨɜ [76,77,78,79], ɩɨɞɪɚɡɭɦɟɜɚɸɳɟɟ ɫɩɨɫɨɛɧɨɫɬɶ
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ɧɟɣɪɨɧɚ ɞɚɜɚɬɶ ɢɞɟɧɬɢɱɧɵɣ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɩɨɞɚɱɚɯ ɨɞɧɨɣ ɢ
ɬɨɣ ɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɩɢɫɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɥɭɱɚɣɧɨɝɨ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ȼ
ɧɟɞɚɜɧɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ Nd:YAG (ɧɟɨɞɢɦ:ɢɬɬɪɢɣ ɝɪɚɧɚɬ ɚɥɸɦɢɧɢɹ) ɥɚɡɟɪɚɦɢ
[80,81] ɚɧɚɥɨɝɢɱɧɨɟ ɫɜɨɣɫɬɜɨ ɭɩɨɦɢɧɚɥɨɫɶ ɤɚɤ "ɭɫɬɨɣɱɢɜɨɫɬɶ" ("consistency"). 
ȿɫɥɢ ɞɥɹ ɜɨɡɞɟɣɫɬɜɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɲɭɦ, ɚ ɯɚɨɬɢɱɟɫɤɢɣ ɫɢɝ-
ɧɚɥ, ɝɨɜɨɪɢɬɫɹ ɨɛ ɨɛɨɛɳɟɧɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ (generalized synchronization) [82, 
81]. 
ȼɩɟɪɜɵɟ ɡɚɞɚɱɚ ɨ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɞɟɧɬɢɱɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɜɧɟɲɧɢɦ
ɲɭɦɨɦ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɜ ɪɚɛɨɬɚɯ [83,84], ɝɞɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɫɥɚɛɨ-
ɧɟɥɢɧɟɣɧɵɣ ɤɜɚɡɢɝɚɪɦɨɧɢɱɟɫɤɢɣ ɚɜɬɨɝɟɧɟɪɚɬɨɪ ɫ ɲɭɦɨɦ ɜ ɜɢɞɟ ɫɥɭɱɚɣɧɨɣ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɥɚɛɵɣ ɲɭɦ ɫɢɧɯɪɨɧɢɡɭɟɬ
ɤɨɥɟɛɚɧɢɹ (ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɨɬɪɢɰɚɬɟɥɟɧ), ɚ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɵɣ – ɞɟɫɢɧ-
ɯɪɨɧɢɡɭɟɬ (ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɩɨɥɨɠɢɬɟɥɟɧ). ɉɨɡɞɧɟɟ ɜ ɬɚɤɨɦ ɫɦɵɫɥɟ ɫɢɧ-
ɯɪɨɧɢɡɚɰɢɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɜɧɟɲɧɢɦ ɲɭɦɨɦ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɜ
ɤɧɢɝɟ [85] ɢ ɪɚɛɨɬɚɯ [86,87,88,89,90].  
ȼ ɪɚɛɨɬɟ [99] ɢ ɩɨɹɜɢɜɲɢɯɫɹ ɫɥɟɞɨɦ, ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɪɚɛɨɬɚɯ
[91,100] ɚɜɬɨɪɵ ɨɛɪɚɳɚɸɬɫɹ ɤ ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɫɢɫɬɟɦɚɦ ɨɛ-
ɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɫ ɛɟɥɵɦ ɝɚɭɫɫɨɜɫɤɢɦ ɲɭɦɨɦ ɢ ɢɫɫɥɟɞɭɸɬ ɢɯ ɜ ɪɚɦɤɚɯ ɮɚɡɨɜɨ-
ɝɨ ɩɪɢɛɥɢɠɟɧɢɹ [92]. ȼ ɪɚɦɤɚɯ ɷɬɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ
ɬɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɜ ɪɚɛɨɬɚɯ
[83,84,93] ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɨɤɚ-
ɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ ɞɥɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɚɜɬɨɤɨɥɟɛɚ-
ɬɟɥɶɧɵɯ (ɜ ɨɬɫɭɬɫɬɜɢɟ ɲɭɦɚ) ɫɢɫɬɟɦɚɯ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ ɜ
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɬɚɤɠɟ ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ
Ʌɹɩɭɧɨɜɚ ɤɚɤ ɞɥɹ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ [101,103], ɬɚɤ ɢ ɞɥɹ ɬɟɥɟɝɪɚɮɧɨɝɨ
[102].
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Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɛɨɬɵ
ɋɨɞɟɪɠɚɧɢɟ ɢ ɫɬɪɭɤɬɭɪɚ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɱɟ-
ɬɵɪɟɯ ɝɥɚɜ ɢ ɡɚɤɥɸɱɟɧɢɹ. ȼ ɜɟɞɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ, ɫɨɞɟɪɠɚ-
ɧɢɟ ɢ ɨɫɧɨɜɧɵɟ ɰɟɥɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ.
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɭɟɬɫɹ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ
ɫɦɟɫɢ ɜ ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɫɧɢɡɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɧɚɥɢ-
ɱɢɢ ɦɨɞɭɥɹɰɢɢ ɩɨɥɹ ɬɹɠɟɫɬɢ. Ⱦɥɹ ɫɥɭɱɚɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟ-
ɪɟɡ ɝɪɚɧɢɰɵ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɋɨɪɟ ɜɵɜɨɞɹɬɫɹ ɭɪɚɜɧɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɞɥɢɧɧɨ-
ɜɨɥɧɨɜɨɣ ɤɨɧɜɟɤɰɢɢ. ɂɫɫɥɟɞɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ ɬɹɠɟɫɬɢ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɨɛɨɫɧɨɜɚɧ-
ɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ: ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭ-
ɳɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ. ɉɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɫɢɫɬɟɦɵ
ɡɚ ɫɱɟɬ ɦɨɞɭɥɹɰɢɢ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢɫɫɥɟɞɭɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢ ɩɪɢ ɦɚɥɵɯ ɚɦɩɥɢ-
ɬɭɞɚɯ ɢ ɱɢɫɥɟɧɧɨ ɩɪɢ ɛɨɥɶɲɢɯ. Ɉɛɚ ɚɧɚɥɢɡɚ ɩɪɨɜɨɞɹɬɫɹ ɤɚɤ ɞɥɹ ɫɥɭɱɚɹ ɞɢɫ-
ɤɪɟɬɧɨɝɨ ɫɩɟɤɬɪɚ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ (ɩɪɨɬɹɠɟɧɧɵɣ ɤɨɧɟɱɧɵɣ ɫɥɨɣ), ɬɚɤ ɢ ɞɥɹ ɧɟ-
ɩɪɟɪɵɜɧɨɝɨ (ɛɟɫɤɨɧɟɱɧɵɣ ɫɥɨɣ).
ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɭɸɬɫɹ ɧɟɥɢɧɟɣɧɵɟ ɪɟɠɢɦɵ ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɪɦɨ-
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɬɨɧɤɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ɩɪɢ ɧɚɥɢɱɢɢ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ ɢɥɢ ɬɟɩɥɚ: ɧɚ-
ɯɨɞɹɬɫɹ ɬɟɱɟɧɢɹ ɨɬ ɷɬɢɯ ɢɫɬɨɱɧɢɤɨɜ.
ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɭɯɦɟɪɧɚɹ ɬɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɠɢɞɤɨ-
ɫɬɢ ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɫɨ ɫɥɭɱɚɣɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨ-
ɫɬɶɸ ɧɚɝɪɟɜɚ, ɨɛɟɫɩɟɱɢɜɚɟɦɨɣ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɩɨɬɨɤɨɦ ɬɟɩɥɚ ɩɨɩɟɪɟɤ ɫɥɨɹ.
ȼɵɜɨɞɹɬɫɹ ɭɪɚɜɧɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɤɨɧɜɟɤɰɢɢ. ɉɪɢ ɧɟɨɞɧɨɪɨɞ-
ɧɨɫɬɢ, ɦɨɞɟɥɢɪɭɟɦɨɣ ɛɟɥɵɦ ɝɚɭɫɫɨɜɫɤɢɦ ɲɭɦɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɬɟɱɟɧɢɣ, ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɢ
ɜɥɢɹɧɢɟ ɧɚ ɧɢɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ.
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ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɞɢɧɚɤɨɜɵɯ
(ɢɥɢ ɫɥɚɛɨɧɟɢɞɟɧɬɢɱɧɵɯ) ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɫɪɟɞɫɬ-
ɜɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɳɢɦ ɜɧɟɲɧɢɦ ɲɭɦɨɦ. Ⱦɥɹ ɱɟɝɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ Ʌɹ-
ɩɭɧɨɜɚ, ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦ
ɫɢɧɯɪɨɧɢɡɨɜɚɬɶɫɹ. ɉɪɢ ɦɚɥɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɚɧɚɥɢɬɢ-
ɱɟɫɤɢ ɜ ɮɚɡɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ɉɪɢ ɭɦɟɪɟɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦ ɨɛɧɚɪɭ-
ɠɢɜɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɞɟɫɢɧɯɪɨɧɢɡɨɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɫɢɫɬɟɦɵ.
ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɞɢɫ-
ɫɟɪɬɚɰɢɢ.
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. Ɍɟɩɥɨɜɚɹ ɢ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ
ɩɨɪɢɫɬɵɯ ɫɪɟɞɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɤɚɤ ɜ ɫɜɹɡɢ ɫ ɩɪɢɤɥɚɞɧɵɦɢ ɡɚɞɚɱɚɦɢ,
ɫɜɹɡɚɧɧɵɦɢ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ (ɧɚɩɪɢɦɟɪ, ɨɯɥɚɠɞɟɧɢɟ ɪɟɚɤɬɨɪɨɜ, ɮɢɥɶɬɪɚ-
ɰɢɹ) ɢ ɩɪɢɪɨɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ (ɧɚɩɪɢɦɟɪ, ɬɟɱɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ), ɬɚɤ ɢ ɫ
ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ (ɧɚɩɪɢɦɟɪ, ɹɜɥɟɧɢɟ ɤɨɫɢɦɦɟɬɪɢɢ). ɉɪɢ
ɷɬɨɦ, ɭɱɢɬɵɜɚɟɦɵɣ ɜ ɪɚɛɨɬɟ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧ-
ɜɟɤɰɢɢ ɷɮɮɟɤɬ ɬɟɪɦɨɞɢɮɮɭɡɢɢ (ɷɮɮɟɤɬ ɋɨɪɟ) ɫɭɳɟɫɬɜɟɧɟɧ ɜ ɝɚɡɚɯ ɢ ɧɟɤɨɬɨɪɵɯ
ɠɢɞɤɨɫɬɹɯ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɩɪɢɜɨɞɢɬ ɤ ɜɥɢɹɧɢɸ ɩɪɢɦɟɫɟɣ ɧɚ ɤɨɧɜɟɤɰɢɸ
ɩɪɢ ɪɟɚɥɢɫɬɢɱɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɫ ɞɪɭɝɨɣ.
ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜɢɛɪɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ
ɤɨɧɜɟɤɰɢɸ, ɢɦɟɹ ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɩɪɢɥɨɠɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɜɢɛɪɚɰɢɨɧɧɵɣ
ɤɨɧɬɪɨɥɶ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ, ɫɦɟɫɢɬɟɥɹɯ,
ɫɟɩɚɪɚɬɨɪɚɯ ɦɢɧɟɪɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɫɢɫɬɟɦɚɯ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɢɡ
ɪɚɫɩɥɚɜɨɜ), ɨɫɬɚɟɬɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɚɥɨ ɢɫɫɥɟɞɨɜɚɧɧɵɦ.
ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɜɵɧɭɠɞɟɧɧɵɟ ɬɟɱɟɧɢɹ ɜ ɫɥɨɟ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ ɡɚɬɭɯɚɸɬ
ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ ɞɚɠɟ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨ-
ɞɨɝɪɟɜɚ, ɧɟ ɞɨɫɬɢɝɚɸɳɟɣ ɤɪɢɬɢɱɟɫɤɨɝɨ (ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɰɢɢ) ɡɧɚɱɟɧɢɹ,
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ɷɬɢ ɢɫɬɨɱɧɢɤɢ ɦɨɝɭɬ ɨɱɟɧɶ ɫɢɥɶɧɨ ɜɥɢɹɬɶ ɧɚ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɩɪɨɰɟɫɫɵ ɬɟɩ-
ɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɥɨɟ.
ȼ ɪɟɚɥɶɧɵɯ ɫɢɬɭɚɰɢɹɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɥɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫɢɫɬɟɦɵ ɫ ɢɞɟ-
ɚɥɶɧɨ ɨɞɧɨɪɨɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɏɨɬɹ ɜ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɟ ɹɜɥɟɧɢɟ ɥɨɤɚɥɢɡɚ-
ɰɢɢ ɪɟɲɟɧɢɣ ɩɪɢ ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɲɢɪɨɤɨ
ɢɡɜɟɫɬɧɨ (ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨɧɚ) ɢ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧɨ, ɭɩɨɦɢɧɚɧɢɣ ɨɛ
ɚɧɚɥɨɝɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɞɥɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ
ɜɫɬɪɟɱɚɟɬɫɹ.
Ⱦɪɭɝɢɦ ɷɮɮɟɤɬɨɦ, ɫɜɹɡɚɧɧɵɦ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɢ
ɬɪɟɛɭɸɳɢɦ ɮɨɪɦɚɥɶɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɨɱɟɧɶ ɩɨɯɨɠɟɝɨ ɧɚ ɬɨɬ,
ɱɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɞɧɨɦɟɪɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ Ⱥɧɞɟɪɫɨɧɚ, ɹɜɥɹ-
ɟɬɫɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɢɞɟɧɬɢɱɧɵɯ ɢɥɢ ɩɨɯɨɠɢɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɲɭɦɨɦ. əɜɥɟɧɢɟ
ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɧɟɥɢɧɟɣɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚɫɬɨɥɶɤɨ ɲɢɪɨɤɨ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɨ ɜ ɩɪɢɪɨɞɟ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨ, ɱɬɨ ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ ɩɟɪɟɱɢɫɥɹɬɶ ɨɬ-
ɞɟɥɶɧɵɟ ɩɪɢɥɨɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦ ɧɚɩɪɹɦɭɸ. ɇɨ, ɜ ɞɨɩɨɥɧɟɧɢɟ, ɦɨɠɧɨ
ɭɩɨɦɹɧɭɬɶ ɩɪɢɥɨɠɟɧɢɹ, ɧɟ ɫɜɹɡɚɧɧɵɟ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɧɚɩɪɹɦɭɸ, ɚ ɫɜɹɡɚɧɧɵɟ
ɫ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɨɬɤɥɢɤɚ ɫɢɫɬɟɦɵ ɧɚ ɫɥɨɠɧɵɣ ɫɢɝɧɚɥ (ɧɚɞɟɠɧɨɫɬɶ (reliability) 
ɧɟɣɪɨɧɨɜ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ (consistency) ɥɚɡɟɪɨɜ). Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɟɫɥɢ ɨɬɤɥɢɤ ɭɫ-
ɬɨɣɱɢɜ, ɬɨ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɪɟɚɥɢɡɚɰɢɣ ɨɬɤɥɢɤɚ ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ ɫɬɟɩɟɧɢ ɫɨ-
ɨɬɜɟɬɫɬɜɢɹ ɪɟɚɥɢɡɚɰɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ
ɜɨɫɩɪɢɹɬɢɹ ɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ, ɜ ɫɥɭɱɚɟ ɫ ɧɟɣɪɨɧɚɦɢ ɷɬɨ ɩɪɟɞɨɫɬɚɜɥɹɟɬ
(ɢɥɢ ɡɚɩɪɟɳɚɟɬ) ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɞɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɜɯɨɞɧɵɯ
ɫɢɝɧɚɥɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɫɢɧɚɩɬɢɱɟɫɤɢɯ ɢɦɩɭɥɶɫɨɜ.
ɐɟɥɢ ɪɚɛɨɬɵ:
1. ɂɡɭɱɟɧɢɟ ɜɵɡɜɚɧɧɨɣ ɷɮɮɟɤɬɨɦ ɋɨɪɟ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ
ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ, ɧɚɫɵɳɚɸɳɟɣ ɬɨɧɤɢɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɫɥɨɣ ɩɨɪɢɫɬɨɣ
ɫɪɟɞɵ, ɩɪɢ ɡɚɞɚɧɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ ɱɟɪɟɡ ɝɪɚɧɢɰɵ;
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2. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɪɟɡɨɧɚɧɫɧɨɝɨ ɢ ɧɟɪɟɡɨɧɚɧɫɧɨɝɨ ɜɥɢɹɧɢɹ ɜɢɛɪɚɰɢɣ ɧɚ ɬɟɪ-
ɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɤɨɧɜɟɤɰɢɸ ɜ ɭɩɨɦɹɧɭɬɨɣ ɫɢɫɬɟɦɟ;
3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢ ɧɚɥɢɱɢɢ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɜɧɭɬ-
ɪɟɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ (ɜ ɨɬɫɭɬɫɬɜɢɟ ɜɢɛɪɚɰɢɣ);
4. ɂɡɭɱɟɧɢɟ ɥɨɤɚɥɢɡɚɰɢɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ (ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ) ɠɢɞ-
ɤɨɫɬɢ ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ
ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚɝɪɟɜɚ;
5. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɫɜɨɣ-
ɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ɩɪɢ ɫɥɭɱɚɣɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ
ɧɚɝɪɟɜɚ;
6. ɂɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɥɢɤɚ ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚ ɲɭɦɨ-
ɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ;
7. ɂɡɭɱɟɧɢɟ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɞɟɧɬɢɱɧɵɯ ɢɥɢ ɩɨɯɨɠɢɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɜɧɟɲ-
ɧɢɦ ɲɭɦɨɦ.
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɟɡɭɥɶɬɚɬɨɜ
1. ȼɵɜɟɞɟɧɵ ɭɪɚɜɧɟɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ (ɫ ɭɱɟɬɨɦ
ɷɮɮɟɤɬɚ ɋɨɪɟ) ɤɨɧɜɟɤɰɢɢ ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɨɬɨɤɟ ɬɟɩɥɚ ɱɟɪɟɡ ɝɪɚɧɢɰɵ ɫɥɨɹ, ɫɩɪɚɜɟɞɥɢɜɵɟ ɩɪɢ ɤɨɧɟɱ-
ɧɵɯ ɧɚɞɤɪɢɬɢɱɧɨɫɬɹɯ [97]. Ɉɛɨɫɧɨɜɚɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɝɨ ɩɪɢɛɥɢɠɟ-
ɧɢɹ: ɞɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɢɦɢ ɹɜɥɹɸɬɫɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ.
2. ȼɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɨ ɪɟɡɨɧɚɧɫɧɨɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɬɟɪɦɨ-
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɷɮɮɟɤɬɨɦ ɋɨɪɟ, ɜ ɩɨɪɢɫ-
ɬɨɣ ɫɪɟɞɟ [96]. 
3. ɉɨɥɭɱɟɧɵ ɪɟɲɟɧɢɹ, ɨɬɜɟɱɚɸɳɢɟ ɬɟɱɟɧɢɹɦ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɨɬ ɥɨɤɚɥɢɡɨ-
ɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ [97]. 
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4. ȼɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɚ ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨɧɚ ɜ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫ-
ɬɟɦɟ (ɫɥɨɣ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨɪɨɞɧɨɦ ɩɨɞɨɝɪɟɜɟ) [98]. 
Ɉɛɧɚɪɭɠɟɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɧɟɬɪɢɜɢɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɩɪɨɤɚɱɢɜɚɧɢɹ ɧɚ
ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ.
5. Ɉɛɧɚɪɭɠɟɧɨ ɢ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɫɥɚɛɵɣ ɲɭɦ ɜɫɟɝɞɚ ɫɢɧɯɪɨɧɢɡɭɟɬ ɫɢɫɬɟɦɵ ɫ
ɝɥɚɞɤɢɦ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ [99,100] (ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɨɬɤɥɢɤ ɧɚ ɲɭɦɨ-
ɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɭɫɬɨɣɱɢɜ).
6. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɭɦɟɪɟɧɧɵɣ ɲɭɦ ɦɨɠɟɬ ɞɟɫɢɧɯɪɨɧɢɡɨɜɚɬɶ ɚɜɬɨɤɨɥɟɛɚ-
ɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɫ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɧɟɢɡɨɯɪɨɧɧɨɫɬɶɸ ɤɨɥɟɛɚɧɢɣ ɜ
ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ [101,102,103] (ɧɟɭɫɬɨɣɱɢɜɵɣ ɨɬɤɥɢɤ).
7. ȼɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɚ ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɥɢ-
ɤɚ ɞɥɹ ɧɟɣɪɨɧɨɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ [103]. 
8. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɧɟɢɞɟɧɬɢɱɧɨɫɬɟɣ ɫɢɫɬɟɦ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɨɛɳɟɦɭ
ɲɭɦɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɧɚ ɫɬɟɩɟɧɶ ɫɢɧɯɪɨɧɧɨɫɬɢ ɢɯ ɤɨɥɟɛɚɧɢɣ
[101,103]. 
Ⱥɜɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɤ ɡɚɳɢɬɟ:
1. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɛɢɧɚɪɧɨɣ
ɫɦɟɫɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɫɭɳɟɫɬɜɟɧɟɧ ɷɮɮɟɤɬ ɋɨɪɟ, ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ
ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɡɚɞɚɧɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ ɱɟɪɟɡ ɝɪɚɧɢɰɵ.
2. Ɉɩɢɫɚɧɢɟ ɜɥɢɹɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɤɨɧɜɟɤɬɢɜɧɭɸ ɭɫɬɨɣ-
ɱɢɜɨɫɬɶ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ [96]. 
3. Ɋɟɲɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɜɵɧɭɠɞɟɧɧɭɸ ɤɨɧɜɟɤɰɢɸ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɨɬ ɥɨ-
ɤɚɥɢɡɨɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ ɜ ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ [97]. 
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4. ɋɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɠɢɞɤɨ-
ɫɬɢ ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ
ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚɝɪɟɜɚ ɢ ɢɯ ɡɚɜɢɫɢɦɨɫɬɶ
ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɥɨɣ [98]. 
5. ɋɜɨɣɫɬɜɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɥɢɤɚ ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɲɭɦɨɜɨɦ
ɜɨɡɞɟɣɫɬɜɢɢ [99,100,101,102,103]. 
6. ɗɮɮɟɤɬɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢ ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɞɟɧɬɢɱɧɵɯ ɢɥɢ ɩɨɯɨɠɢɯ
ɫɢɫɬɟɦ ɨɛɳɢɦ ɜɧɟɲɧɢɦ ɲɭɦɨɦ [101,102,103]. 
7. ɋɜɨɣɫɬɜɚ ɫɢɧɯɪɨɧɧɨɫɬɢ ɤɨɥɟɛɚɧɢɣ ɧɟɢɞɟɧɬɢɱɧɵɯ ɫɢɫɬɟɦ [101,103]. 
Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɪɚɜɧɟɧɢɟɦ ɤɚɤ ɫ ɢɡɜɟɫɬɧɵɦɢ ɪɚɧɟɟ ɪɚɛɨɬɚɦɢ, ɬɚɤ ɢ ɫ ɩɨɹɜ-
ɥɹɸɳɢɦɢɫɹ ɪɚɛɨɬɚɦɢ ɚɜɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚɞ ɫɦɟɠɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ, ɚɞɟɤ-
ɜɚɬɧɨɫɬɶɸ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɨɝɥɚɫɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵ-
ɦɢ ɦɟɬɨɞɚɦɢ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɧɵɯ ɩɨɞɯɨɞɨɜ.
ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɪɚɛɨɬɚɯ [96,98,101,102,103] ɜɫɟ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ
ɫɯɨɞɹɬɫɹ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɨɰɟɞɭɪ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟ-
ɧɢɣ, ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɪɭɝɢɯ ɩɪɨɰɟɞɭɪ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ
ɩɪɟɞɟɥɚɯ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɬɟɨɪɢɣ, ɩɨɫɬɪɨɟɧɧɵɯ, ɤɚɤ
ɜ ɫɚɦɢɯ ɷɬɢɯ ɪɚɛɨɬɚɯ ɢ ɪɚɛɨɬɚɯ [99,100], ɬɚɤ ɢ ɜ ɪɚɛɨɬɚɯ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ.
ȼ ɩɨɥɶɡɭ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɨ, ɱɬɨ ɨɫ-
ɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ [99] ɛɵɥɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟɡɚɜɢɫɢɦɨ ɩɨɥɭɱɟɧɵ
J. Teramae ɢ D. Tanaka ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ Phys. Rev. Lett. 93, 204103 
(2004).
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ɉɭɛɥɢɤɚɰɢɢ. Ɇɚɬɟɪɢɚɥɵ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɥɨɠɟɧɵ ɜ 6 ɫɬɚɬɶɹɯ ɜ ɠɭɪɧɚɥɚɯ1
[97,98,99,100,101,103], 2 ɬɪɭɞɚɯ ɤɨɧɮɟɪɟɧɰɢɣ [96,102] ɢ ɬɟɡɢɫɚɯ 9 ɩɟɪɟɱɢɫɥɟɧ-
ɧɵɯ ɧɢɠɟ ɞɨɤɥɚɞɨɜ ɧɚ ɤɨɧɮɟɪɟɧɰɢɹɯ.
Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ:
Ʌɟɤɰɢɨɧɧɵɣ ɞɨɤɥɚɞ
1. D.S. Goldobin, A. Pikovsky "Synchronization and Desynchronization of Oscil-
lators by Common Noisy Driving" on the Int. Workshop "Constructive Role of 
Noise in Complex Systems", Dresden, Germany, July 16–21, 2006; 
ȼɵɫɬɭɩɥɟɧɢɹ ɧɚ ɫɟɦɢɧɚɪɟ:
2. Ƚɨɥɞɨɛɢɧ Ⱦ.ɋ. ɢ Ʌɸɛɢɦɨɜ Ⱦ.ȼ. "Ʉɨɧɜɟɤɰɢɹ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɢɧɞɭ-
ɰɢɪɨɜɚɧɧɚɹ ɥɨɤɚɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ" ɧɚ ɉɟɪɦɫɤɨɦ
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɫɟɦɢɧɚɪ ɢɦ. Ƚ.Ɂ.Ƚɟɪɲɭɧɢ ɢ ȿ.Ɇ.ɀɭɯɨɜɢɰɤɨɝɨ,
ɉɟɪɦɶ (Ɋɨɫɫɢɹ), 17 ɦɚɪɬɚ 2006 ɝ.;
3. Ƚɨɥɞɨɛɢɧ Ⱦ.ɋ. "Ʌɨɤɚɥɢɡɚɰɢɹ ɬɟɱɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɪɢ ɫɥɭɱɚɣ-
ɧɨ ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ" ɧɚ ɉɟɪɦɫɤɨɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɫɟɦɢɧɚɪ ɢɦ.
Ƚ.Ɂ.Ƚɟɪɲɭɧɢ ɢ ȿ.Ɇ.ɀɭɯɨɜɢɰɤɨɝɨ, ɉɟɪɦɶ (Ɋɨɫɫɢɹ), 10 ɹɧɜɚɪɹ 2007 ɝ.;
ɍɫɬɧɵɟ ɞɨɤɥɚɞɵ:
4. Goldobin D.S., Lyubimov D.V., and Mojtabi A. "Parametric instability of a 
conductive state of binary mixture in porous medium" on the Int. Conf. "Ad-
vanced Problems in Thermal Convection" Perm (Russia), Nov. 24–27, 2003; 
                                          
1 ɜɯɨɞɹɳɢɯ ɜ ɩɟɪɟɱɧɢ ɜɟɞɭɳɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɨɜ ɢ ɢɡɞɚɧɢɣ, ɜ
ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɭɛɥɢɤɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɢ ɧɚ
ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɞɨɤɬɨɪɚ ɢ ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ
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5. D.S. Goldobin, A. Pikovsky "Antireliability of Noisy-Driven Neuron-Like Os-
cillators" on the 6-th Crimean School and Workshops "Nonlinear Dynamics, 
Chaos, and Applications", Yalta, Crimea, Ukraine, May 15–26, 2006; 
6. D.S. Goldobin, A. Pikovsky "Synchrony of Oscillators Subject to Common 
Noise" on the Int. Seminar and Workshop "Constructive Role of Noise in 
Complex Systems", Dresden, Germany, June 26–July 21, 2006; 
7. D.S. Goldobin, A. Pikovsky "Intermittent Synchrony of Noise-Induced Bursts" 
on the Int. Conf. "Dynamics Days Europe 2006", Crete, Greece, September 
25–29, 2006; 
ɋɬɟɧɞɨɜɵɟ ɞɨɤɥɚɞɵ:
8. Ƚɨɥɞɨɛɢɧ Ⱦ.ɋ. ɢ Ʌɸɛɢɦɨɜ Ⱦ.ȼ. "Ɍɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɛɢ-
ɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɩɨɞɨɝɪɟɜɟ ɫɧɢ-
ɡɭ" ɧɚ 14-ɨɣ Ɂɢɦɧɟɣ ɲɤɨɥɟ ɩɨ ɦɟɯɚɧɢɤɟ ɫɩɥɨɲɧɵɯ ɫɪɟɞ, ɉɟɪɦɶ (Ɋɨɫɫɢɹ),
28 ɮɟɜɪɚɥɹ – 3 ɦɚɪɬɚ 2005 ɝ.;
9. D.S. Goldobin, A. Pikovsky "Noise-Induced Synchronization and Desynchro-
nization of Self-Sustained Oscillators" on the 4-th Int. Conf. on "Unsolved 
Problems of Noise", Gallipoli (Lecce), Italy, June 6–10, 2005; 
10. D.S. Goldobin, A. Pikovsky "Noise-Induced Synchronization and Desynchro-
nization of Neural Oscillators" on the 13-th Int. IEEE Workshop on "Nonlinear 
Dynamics of Electronic Systems", Potsdam, Germany, September 18–22, 
2005.
ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɜɨɣɫɬɜ ɠɢɞɤɨ-
ɫɬɢ. ȼɢɛɪɚɰɢɨɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ
ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ ɢ, ɧɚɩɪɢɦɟɪ, ɪɚɡɞɟ-
ɥɟɧɢɢ ɢɡɨɬɨɩɨɜ. Ɍɨɱɟɱɧɵɟ ɢɫɬɨɱɧɢɤɢ ɬɟɩɥɚ/ɩɪɢɦɟɫɢ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ,
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ɧɚɫɵɳɟɧɧɨɦ ɛɢɧɚɪɧɨɣ ɫɦɟɫɶɸ, ɤɚɤ ɢ ɫɥɭɱɚɣɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɧɚɝɪɟɜɚ ɫɥɨɹ,
ɧɚɫɵɳɟɧɧɨɝɨ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɜɵɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɤɨɧɜɟɤ-
ɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɞɚɠɟ ɜ ɩɨɞɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ, ɱɬɨ ɦɨɠɟɬ ɪɚɞɢɤɚɥɶɧɨ
ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɬɟɩɥɨɩɪɨɜɨɞɹɳɢɯ(-ɢɡɨɥɢɪɭɸɳɢɯ) ɫɜɨɣɫɬɜɚɯ ɬɚ-
ɤɢɯ ɫɥɨɟɜ. Ʉɨɧɬɪɨɥɶ ɫɢɧɯɪɨɧɧɨɫɬɢ ɪɚɛɨɬɵ ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚɯɨɞɢɬ
ɫɚɦɨɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɟɯɧɢɤɟ ɢ ɩɪɨɹɜɥɟɧɢɟ ɜ ɩɪɢɪɨɞɟ; ɭɫɬɨɣɱɢɜɨɫɬɶ
ɨɬɤɥɢɤɚ ɧɟɣɪɨɧɨɜ ɧɚ ɲɭɦɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨɡɜɨɥɹɟɬ ɞɨɩɭɫɬɢɬɶ ɩɪɢɧɰɢɩɢɚɥɶ-
ɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɞɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɫɬɶɸ ɫɢɧɚɩɬɢɱɟɫɤɢɯ ɢɦɩɭɥɶɫɨɜ.
- 28 -
Ƚɥɚɜɚ 1: ɉɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ
ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ
ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
Ⱦɚɧɧɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤ-
ɰɢɢ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɫɧɢɡɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ
ɫɪɟɞɵ ɩɪɢ ɧɚɥɢɱɢɢ ɦɨɞɭɥɹɰɢɢ ɩɨɥɹ ɬɹɠɟɫɬɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ
ɩɨɬɨɤɟ ɬɟɩɥɚ ɱɟɪɟɡ ɝɪɚɧɢɰɵ ɜ ɫɢɫɬɟɦɟ ɜɨɡɦɨɠɧɚ ɦɨɧɨɬɨɧɧɚɹ ɞɥɢɧɧɨɜɨɥɧɨɜɚɹ
ɬɟɩɥɨɜɚɹ ɤɨɧɜɟɤɬɢɜɧɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ, ɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɞɢɮɮɭɡɢɨɧɧɨɦ
ɩɨɬɨɤɟ ɩɪɢɦɟɫɢ – ɦɨɧɨɬɨɧɧɚɹ ɞɥɢɧɧɨɜɨɥɧɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɬɢɜɧɚɹ
ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ. Ʉɨɧɤɭɪɟɧɰɢɹ ɷɬɢɯ ɦɟɯɚɧɢɡɦɨɜ ɜɩɨɥɧɟ ɨɠɢɞɚɟɦɨ ɩɪɢɜɨɞɢɬ ɤ
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜ ɫɢɫɬɟɦɟ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ
ɫɜɹɡɢ ɫ ɷɬɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɜɵɡɵɜɚɟɬ ɢɧɬɟɪɟɫ ɜɨɡɦɨɠɧɨɫɬɶ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨ-
ɝɨ ɪɟɡɨɧɚɧɫɚ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ. Ɉɞɧɚɤɨ, ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɧɟɧɭɥɟɜɨɣ ɝɪɚɞɢɟɧɬ
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɨɤɨɥɨ ɝɪɚɧɢɰɵ ɩɪɢ ɪɟɚɥɶɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨ-
ɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬ ɥɢɲɶ ɬɨɝɞɚ, ɤɨɝɞɚ ɫɭɳɟɫɬɜɟɧɟɧ ɷɮɮɟɤɬ ɋɨɪɟ ɢ ɩɨɬɨɤ ɜɟɳɟ-
ɫɬɜɚ ɱɟɪɟɡ ɝɪɚɧɢɰɭ ɪɚɜɟɧ ɧɭɥɸ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢɧɹɬɵ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ,
ɬɪɟɛɭɸɳɢɟ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢ ɨɬɫɭɬɫɬɜɢɟ ɩɨɬɨɤɚ ɩɪɢɦɟɫɢ ɱɟɪɟɡ
ɝɪɚɧɢɰɵ; ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɨɩɢɫɵɜɚɸɬɫɹ ɜ ɩɪɢɛɥɢɠɟɧɢɢ Ⱦɚɪɫɢ-Ȼɭɫɫɢɧɟɫɤɚ ɫ
ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɋɨɪɟ.
Ⱦɥɹ ɨɩɢɫɚɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ ɜɵɜɨɞɹɬɫɹ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸ-
ɳɢɟ ɧɟɥɢɧɟɣɧɭɸ (ɧɟɥɢɧɟɣɧɵɟ ɪɟɠɢɦɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɝɥɚɜɟ)
ɞɢɧɚɦɢɤɭ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɫɬɪɭɤɬɭɪ ɩɪɢ ɤɨɧɟɱɧɨɣ ɧɚɞɤɪɢɬɢɱɧɨɫɬɢ.
Ⱦɚɥɟɟ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢɫɫɥɟɞɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚ-
ɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɥɢɧɧɨɜɨɥɧɨɜɵɦ ɜɨɡɦɭɳɟɧɢɹɦ ɜ ɨɬɫɭɬ-
ɫɬɜɢɢ ɦɨɞɭɥɹɰɢɢ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨ-
ɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɢɫɫɥɟɞɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ
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ɤ ɜɨɡɦɭɳɟɧɢɹɦ c ɤɨɧɟɱɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ. ɗɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ
ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ, ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ.
Ɂɚɞɚɱɢ ɨ ɤɨɧɟɱɧɨɣ ɨɛɥɚɫɬɢ, ɤɨɝɞɚ ɫɩɟɤɬɪ ɜɨɥɧɨɜɵɯ ɜɟɤɬɨɪɨɜ ɞɢɫɤɪɟɬɟɧ, ɢ
ɛɟɫɤɨɧɟɱɧɨɣ, ɤɨɝɞɚ ɫɩɟɤɬɪ ɧɟɩɪɟɪɵɜɟɧ, ɨɤɚɡɵɜɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɦɢ.
ȼɥɢɹɧɢɟ ɦɨɞɭɥɹɰɢɢ ɢɫɫɥɟɞɭɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢ ɞɥɹ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞ ɦɨɞɭɥɹɰɢɢ:
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢɡɦɟɧɟɧɢɟ ɦɨɧɨɬɨɧɧɨɝɨ ɭɪɨɜɧɹ ɢ ɩɟɪɜɵɟ ɬɪɢ ɪɟɡɨɧɚɧɫɚ – ɢ
ɱɢɫɥɟɧɧɨ ɞɥɹ ɤɨɧɟɱɧɵɯ ɚɦɩɥɢɬɭɞ. Ɍɨ ɢ ɞɪɭɝɨɟ ɜɵɩɨɥɧɹɟɬɫɹ ɤɚɤ ɞɥɹ ɞɢɫɤɪɟɬɧɨ-
ɝɨ, ɬɚɤ ɢ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɩɟɤɬɪɨɜ ɜɨɥɧɨɜɵɯ ɜɟɤɬɨɪɨɜ.
Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ
ɦɨɞɭɥɢ ɤɨɦɩɥɟɤɫɧɵɯ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɜ ɜɨɡɦɭɳɟɧɢɹ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɨɣ
ɜɨɥɧɵ, ɚ ɜɥɢɹɟɬ ɥɢɲɶ ɧɚ ɝɪɚɧɢɰɵ ɨɛɥɚɫɬɢ, ɝɞɟ ɷɬɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ ɨɫɬɚɸɬɫɹ
ɤɨɦɩɥɟɤɫɧɵɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɜɚɡɢɩɟ-
ɪɢɨɞɢɱɟɫɤɢɦ ɤɨɥɟɛɚɧɢɹɦ ɜɨɡɦɭɳɟɧɢɹ ɫ ɞɚɧɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ ɧɟ ɡɚɜɢɫɢɬ ɨɬ
ɚɦɩɥɢɬɭɞɵ ɦɨɞɭɥɹɰɢɢ – ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫ
ɪɟɡɨɧɚɧɫɚɦɢ ɢ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɧɟɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɪɢ
ɞɢɫɤɪɟɬɧɨɦ ɫɩɟɤɬɪɟ ɝɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɞɥɹ
ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞ ɦɨɞɭɥɹɰɢɢ ɪɟɡɨɧɚɧɫɚɦɢ ɤɚɤ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɬɚɤ
ɢ ɫɬɚɪɲɢɯ, ɚ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɫɩɟɤɬɪɟ ɢ ɦɚɥɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ
ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɭɪɨɜɧɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ ɢɫɤɥɸɱɢɬɟɥɶ-
ɧɨ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɦɨɧɨɬɨɧɧɵɣ
ɭɪɨɜɟɧɶ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɠɟɬ ɞɟɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶɫɹ ɦɨɞɭɥɹɰɢɟɣ. ɉɪɢ ɷɬɨɣ
ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɨɞɧɨɪɨɞɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɪɢ
ɧɟɩɪɟɪɵɜɧɨɦ ɫɩɟɤɬɪɟ, ɚ ɩɪɢ ɞɢɫɤɪɟɬɧɨɦ – ɜɨɡɦɭɳɟɧɢɹ ɫ ɧɚɢɛɨɥɶɲɟɣ ɜɨɡɦɨɠ-
ɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ. ɋɬɚɛɢɥɢɡɚɰɢɹ ɦɨɧɨɬɨɧɧɨɝɨ ɭɪɨɜɧɹ ɧɟɜɨɡɦɨɠɧɚ ɧɢ ɩɪɢ ɞɢɫ-
ɤɪɟɬɧɨɦ, ɧɢ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɫɩɟɤɬɪɚɯ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ. ɂɡɥɨɠɟɧɢɟ ɛɚɡɢɪɭɟɬɫɹ
ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɪɚɛɨɬɟ [96]. 
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Ɋɢɫ. 1.1: Ƚɟɨɦɟɬɪɢɹ ɡɚɞɚɱɢ ɢ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ
1.1. ɍɪɚɜɧɟɧɢɹ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɫ
ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɋɨɪɟ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ
ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɫɧɢɡɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. Ƚɪɚɧɢɰɵ ɫɥɨɹ ɩɨ-
ɥɚɝɚɸɬɫɹ ɧɟɩɪɨɧɢɰɚɟɦɵɦɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɩɪɢɦɟɫɢ), ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ – ɮɢɤɫɢ-
ɪɨɜɚɧɧɵɦ. ɉɪɢɧɢɦɚɟɬɫɹ ɜɨ ɜɧɢɦɚɧɢɟ ɷɮɮɟɤɬ ɬɟɪɦɨɞɢɮɮɭɡɢɢ (ɷɮɮɟɤɬ ɋɨɪɟ):
ɩɨɬɨɤ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ
j D C T TB =   + 1
G
,
ɝɞɟ D ɢ B  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɢ ɬɟɪɦɨɞɢɮɮɭɡɢɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɵɪɚɜɧɢɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɞɭ ɠɢɞɤɨɫɬɶɸ ɢ ɬɜɟɪɞɵɦ
ɫɤɟɥɟɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ, ɢ ɨɬɞɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɧɢɯ ɧɟ
ɜɜɨɞɢɬɫɹ. ɉɪɢ ɦɚɥɵɯ ɩɟɪɟɩɚɞɚɯ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ,
ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɧɢɯ ɥɢɧɟɣɧɨ:
( ) ( )( )CT T C CS S C C=   + 0 0 01 ,
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ɝɞɟ C  – ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɹɠɟɥɨɣ ɤɨɦɩɨɧɟɧɬɵ, S0  – ɩɥɨɬɧɨɫɬɶ ɫɦɟɫɢ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ T0 ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ C0 , C  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɚ
( )C T pCC S S
= s s10 ,/ ɨɩɪɟɞɟɥɹɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ.
Ⱦɥɹ ɩɨɬɨɤɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɱɢɬɵɜɚɸɬ-
ɫɹ ɥɢɲɶ ɜ ɝɪɚɞɢɟɧɬɚɯ. ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɩɥɨɫɤɨɫɬɶ ( )x y,
ɝɨɪɢɡɨɧɬɚɥɶɧɚ, z = 0 ɢ z h=  – ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɵ ɫɥɨɹ, ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ (Ɋɢɫ. 1.1). 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ Ⱦɚɪɫɢ-Ȼɭɫɫɢɧɟɫɤɚ
[4]: 
( )C zmP v g T C eK
O C C
S
=    + 
0
10
G G
,
C v C D C T
t T
Bs + ¸ = %  %
s 0
G
,
T b v T T
t
Ds + ¸  = %
s
1 G ,
v¸ = 0G ,
z z
Tz A v j
z
s= = = =
s
0,1 : , 0, 0 ,
ɝɞɟ v
G
 – ɫɪɟɞɧɹɹ (ɨɫɪɟɞɧɟɧɧɚɹ ɧɚ ɦɚɫɲɬɚɛɚɯ ɩɨɪ) ɫɤɨɪɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɩɨɪɚɯ, O
– ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɦɟɫɢ, m  – ɩɨɪɢɫɬɨɫɬɶ ɫɪɟɞɵ (ɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɚ
ɩɨɪ ɜ ɷɥɟɦɟɧɬɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɤ ɨɛɴɟɦɭ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ), K  – ɤɨɷɮɮɢɰɢɟɧɬ
ɩɪɨɧɢɰɚɟɦɨɫɬɢ, zg g e= 
G G
 – ɩɨɥɟ ɬɹɠɟɫɬɢ, b  – ɨɬɧɨɲɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨ-
ɪɢɫɬɨɣ ɫɪɟɞɵ, ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɤ ɱɚɫɬɢ ɷɬɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɩɪɢɯɨɞɹ-
ɳɟɣɫɹ ɧɚ ɠɢɞɤɨɫɬɶ ɜ ɩɨɪɚɯ, b > 1 , D  – ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɪɢɫɬɨɣ ɫɪɟ-
ɞɵ, ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ.
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ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɭɞɨɛɧɨɣ ɟɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ ɞɥɢɧɵ ɹɜɥɹɟɬɫɹ ɬɨɥɳɢɧɚ
ɫɥɨɹ h , ɜɪɟɦɟɧɢ – h D2 1 , ɫɤɨɪɨɫɬɢ – h bD1 , ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ – 
ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚ ɝɪɚɧɢɰɚɯ ɫɥɨɹ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ
Ah ɢ Ah DTB 0( ) , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɞɚɜɥɟɧɢɹ b m KS OD0 .
ɏɚɪɚɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɱɟɬɵɪɶɦɹ ɛɟɡɪɚɡɦɟɪɧɵ-
ɦɢ ɩɚɪɚɦɟɬɪɚɦɢ:
C
N
DT
C B
C
w
0
,
Ah gKRa
mb
C
OD
w
2
,
DS
D
w ɢ b ,
ɝɞɟ N  – ɩɚɪɚɦɟɬɪ ɩɥɚɜɭɱɟɫɬɢ, Ra  – ɱɢɫɥɨ Ɋɟɥɟɹ-Ⱦɚɪɫɢ (ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɟ
ɱɢɫɥɨ Ɋɟɥɟɹ-Ⱦɚɪɫɢ Rc RaNw ), ɢ S Lew 1  – ɨɛɪɚɬɧɨɟ ɱɢɫɥɨ Ʌɶɸɢɫɚ.
Ⱦɥɹ ɭɱɟɬɚ ɦɨɞɭɥɹɰɢɢ ɫɢɥɵ ɬɹɠɟɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɧɟɫɬɢ ɢɡ ɱɢɫɟɥ Ɋɟɥɟɹ-
Ⱦɚɪɫɢ (ɨɛɵɱɧɨɝɨ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ) ɦɧɨɠɢɬɟɥɶ a t8+1 cos , ɝɞɟ a ɨɩɪɟ-
ɞɟɥɟɧɨ ɬɚɤ, ɱɬɨ cosa t8 ɟɫɬɶ ɦɝɧɨɜɟɧɧɚɹ ɜɢɛɪɚɰɢɨɧɧɚɹ ɩɟɪɟɝɪɭɡɤɚ, ɚ 8  – ɛɟɡ-
ɪɚɡɦɟɪɧɚɹ ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɣ. ɉɪɢ ɜɵɜɨɞɟ ɩɨɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɧɟɝɥɚɫɧɨ
ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ ɬɨɦɭ, ɱɬɨ ɱɢɫɥɚ Ɋɟɥɟɹ-Ⱦɚɪɫɢ ɦɨɝɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɜɪɟɦɟɧɢ, ɢ
ɞɥɹ ɜɫɟɯ ɭɪɚɜɧɟɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɢɠɟ ɜ ɷɬɨɣ ɝɥɚɜɟ, ɭɤɚɡɚɧɧɵɣ ɫɩɨɫɨɛ ɮɨɪ-
ɦɚɥɶɧɨɝɨ ɭɱɟɬɚ ɦɨɞɭɥɹɰɢɢ ɨɫɬɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦ.
ɋɢɫɬɟɦɚ ɛɟɡɪɚɡɦɟɪɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɨɜɟɞɟɧɢɟ ɤɨɧɟɱɧɵɯ
ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ:
T z=  , C z=  ,
ɢɦɟɟɬ ɜɢɞ:
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( )( ) zp v Ra N b N eR G  +  + =1 0G G , (1.1) 
( )( ) ( )( )b v b b S b
t
G G R R G Rs + ¸   = % + %  
s
1 1
G
, (1.2) 
v w
t
R R Rs + ¸ = % +
s
G
, (1.3) 
v¸ = 0G  (1.4) 
ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ:
z = 0, 1: w
z z
R Gs s= = =
s s
0 , (1.5) 
ɝɞɟ R  – ɜɨɡɦɭɳɟɧɢɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ, G  – ɜɨɡɦɭɳɟɧɢɟ ɩɨɥɹ bT C' w 
(ɧɚ ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɫɦɨɬɪɟɬɶ ɤɚɤ ɧɚ ɧɟɤɨɬɨɪɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨ-
ɬɟɧɰɢɚɥ), w  – z -ɤɨɦɩɨɧɟɧɬɚ ɩɨɥɹ ɫɤɨɪɨɫɬɢ.
Ɂɚɦɟɧɚ ɩɟɪɟɦɟɧɧɵɯ ɢ ɩɚɪɚɦɟɬɪɨɜ:
( )( )b S bG G=   1* 1 , ( )( )Ra NS b Ra=  * 1 1 ,
( )( ) ( )( )N NS b Nb NS b=    1* 1 1 1  (1.6) 
– ɩɨɡɜɨɥɹɟɬ ɭɜɢɞɟɬɶ, ɱɬɨ ɜ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɡɚɞɚɱɟ ɮɢɝɭɪɢɪɭɸɬ ɬɨɥɶɤɨ ɬɪɢ ɩɚ-
ɪɚɦɟɬɪɚ. Ɂɧɚɤ "*" ɞɚɥɟɟ ɨɩɭɫɤɚɟɬɫɹ. ɂɫɤɥɸɱɚɹ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɤɨɦɩɨɧɟɧɬɭ
ɫɤɨɪɨɫɬɢ
v p= 2 2
G
 (1.7) 
(ɢɧɞɟɤɫ "2 " ɭ ɜɟɤɬɨɪɨɜ ɢ ɨɩɟɪɚɬɨɪɨɜ ɨɡɧɚɱɚɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɤɨɦɩɨɧɟɧɬɭ ɢ
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɥɢɲɶ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;
ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ (1.1) ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ
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( )( )w Ra N NR G% = %  +2 1 , (1.8) 
( )
bb S
t b S b
G G R G R
 ¬s  ­ ­+  = % +% ­ ­s   ®
* 1
1
, (1.9) 
w
t
R R Rs + = % +
s
* , (1.10) 
w p
z
s = %
s 2
, (1.11) 
ɝɞɟ w p
z
sw  ¸
s
* 2 2  – ɨɩɟɪɚɬɨɪ ɤɨɧɜɟɤɬɢɜɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ. ɉɟɪɜɨɟ
ɭɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɧɟɣ ɫɢɫɬɟɦɵ – ɷɬɨ z -ɤɨɦɩɨɧɟɧɬɚ ɪɟɡɭɥɶɬɚɬɚ ɞɜɭɤɪɚɬɧɨɝɨ
ɩɪɢɦɟɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɪɨɬɨɪɚ ɤ ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ (1.1) ɫ ɭɱɟɬɨɦ ɬɨɝɨ,
ɱɬɨ ( ) ( )f f fH H H=  ¸  %rot rot G G G . ɍɪɚɜɧɟɧɢɟ (1.11) – ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɧɟ-
ɩɪɟɪɵɜɧɨɫɬɢ (1.4), ɩɟɪɟɩɢɫɚɧɧɨɟ ɫ ɭɱɟɬɨɦ (1.7). 
1.2. Ⱦɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɩɪɢ ɤɨɧɟɱɧɵɯ
ɧɚɞɤɪɢɬɢɱɧɨɫɬɹɯ – ɧɟɥɢɧɟɣɧɵɟ ɭɪɚɜɧɟɧɢɹ
ɏɨɬɹ ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɦɵ ɢɧɬɟɪɟɫɭɟɦɫɹ ɬɨɥɶɤɨ ɥɢɧɟɣɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ,
ɢɦɟɟɬ ɫɦɵɫɥ ɜɵɜɨɞɢɬɶ ɫɪɚɡɭ ɧɟɥɢɧɟɣɧɵɟ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɛɭɞɭɬ ɮɢɝɭɪɢɪɨɜɚɬɶ ɜ
ɫɥɟɞɭɸɳɟɣ. Ȼɥɚɝɨɞɚɪɹ ɩɪɢɧɹɬɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ ɜ ɫɢɫɬɟɦɟ ɧɟ ɢɫɤɥɸɱɟɧɨ
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ [34]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɭɪɚɜɧɟɧɢɹ
ɩɨɜɟɞɟɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ. ɋɭɬɶ
ɩɪɢɛɥɢɠɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɦɚɥɨɫɬɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɪɨɢɡ-
ɜɨɞɧɵɯ ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ. Ⱦɥɹ ɭɱɟɬɚ ɧɟɥɢɧɟɣɧɨɫɬɢ
ɭɪɚɜɧɟɧɢɣ, ɫɜɹɡɚɧɧɨɣ ɫ ɤɨɧɜɟɤɬɢɜɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ, ɜɟɪɬɢɤɚɥɶɧɭɸ ɤɨɦɩɨɧɟɧɬɭ
ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɧɭɠɧɨ ɩɨɥɚɝɚɬɶ ɦɚɥɨɣ: w L 1~ , ɝɞɟ L  – ɯɚɪɚɤɬɟɪɧɵɣ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɵɣ ɦɚɫɲɬɚɛ ɬɟɱɟɧɢɣ, – ɚ ɫɤɚɥɹɪɧɵɟ ɩɨɥɹ ɛɨɥɶɲɢɦɢ: ( )p LG R, , ~ . Ɍɨɝɞɚ
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ɢɡ ɫɢɫɬɟɦɵ (1.8)–(1.11) ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ (1.5) ɦɨɠɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ
ɩɨɥɭɱɚɬɶ:
ȼ ɩɨɪɹɞɤɟ L 1 :
( )x yG K =( 1) , , ( )x yR + =( 1) , ,
( )( )( )Raw N N z z+ K=  %  + (1) 22 1 6 612 ,
( )( )( ) ( ) ( )Rap N N z P x y z+ K =   +  w  ( 1) 1 6 12 , 6 1212 .
ȼ ɩɨɪɹɞɤɟ L 0 :
( ) ( )x y z zG '= (0) 2 3, 3 2 ,
( ) ( )( )x y S P b b' K T +w  ¸  +1 2 2, 1 ,
( ) ( )x y z zR 2= (0) 2 3, 3 2 ,
( )x y P2 +w  ¸2 2, .
ȼ ɩɨɪɹɞɤɟ L 1 :
ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ
( ) ( ) ( )
z z
z z
z z
f f
w f p f w f p f
f p w
w p f f p%

  
 
 
+ =
=  ¸ +  ¸ =
s = = %
= s    ¸ 
* *(2) ( 1) (1) (0)
(2) ( 1) (0) ( 1) (1) (0) ( 1) (0)
2 2 2 2
( 1) (0) 1 (2)
2
(1) ( 1) (0) (0) ( 1)
2 2 2
0,
. . . ,
ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,
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( )
( ) ( )( ) ( )
f f dz
F P z z z dz F P
 + =
=  ¸    =   ¸ 
¨
¨
* *
1
(2) ( 1) (1) (0)
0
1
2 3
2 2 2 2
0
66 12 3 2
5
(ɡɞɟɫɶ ɜɦɟɫɬɨ ɮɭɧɤɰɢɣ f ɢ F ɧɭɠɧɨ ɩɨɞɫɬɚɜɥɹɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɭɧɤɰɢɢ
G , R ɢ ' , 2 ), ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɚɟɬɫɹ
( )i j i j
bb P P S
t S b S b
+K K K +
 ¬  ¯s ­ ¡ ° ­      = % +%­ ¡ ° ­s   ®¢ ±
26
5 1
, (1.12) 
( )i j i jP P Pt
+ + +s      = % %
s
6
5
, (1.13) 
ɝɞɟ ( )( )( , ) /12 1P x y Ra N N+ Kw  + ɢ ɢɧɞɟɤɫɵ i ɢ j ɩɪɨɛɟɝɚɸɬ ɡɧɚɱɟ-
ɧɢɹ 1, 2 ; ɜɫɟ ɩɨɥɹ ɜ ɩɨɫɥɟɞɧɟɣ ɫɢɫɬɟɦɟ ɡɚɜɢɫɹɬ ɥɢɲɶ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɤɨɨɪ-
ɞɢɧɚɬ ɢ ɜɪɟɦɟɧɢ.
1.3. ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ
ɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ ɬɹɠɟɫɬɢ
1.3.1. ɋɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɬɹɠɟɫɬɢ, ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ
ɉɨɫɥɟ ɢɫɤɥɸɱɟɧɢɹ ɧɟɥɢɧɟɣɧɵɯ ɫɥɚɝɚɟɦɵɯ ɫɢɫɬɟɦɚ (1.12),(1.13) ɩɪɢɧɢɦɚ-
ɟɬ ɜɢɞ:
S
t
K K +s = % +%
s
, (1.14) 
( )( )Ra N N
t
+ + + Ks = %  %  +
s
1
12
. (1.15) 
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Ɋɚɫɫɦɚɬɪɢɜɚɹ ɧɨɪɦɚɥɶɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ( )i k r¸~ exp G G ɢ ɢɡɦɟɧɹɹ ɦɚɫɲɬɚɛ ɜɪɟ-
ɦɟɧɢ k t tl2 , ɩɨɫɥɟɞɧɸɸ ɫɢɫɬɟɦɭ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ
d S
dt
K K +=   , (1.16) 
( )( )d Ra N N
dt
+ + + K=  +  +1
12
. (1.17) 
ȼɨɡɦɭɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ ɢɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɜɵɪɚɡɢɜ ɢɯ
ɢɡ ɩɟɪɜɨɝɨ:
tt t
Rc S Rc S RaRc RaS SK K K
 ¬+  ¬ ­­ ­+ + + + + =­ ­ ­  ® ­ ®
1 0
12 12
. (1.18) 
ȼɚɠɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɥɟɞɧɟɣ ɩɨɞɫɬɚɧɨɜɤɟ Ra ɧɟ ɜɵɧɨɫɢɥɨɫɶ ɢɡ-ɩɨɞ ɨɩɟɪɚɬɨɪɚ
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨ ɜɪɟɦɟɧɢ, ɚ ɡɧɚɱɢɬ, ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɨɫɬɚɟɬɫɹ ɫɩɪɚ-
ɜɟɞɥɢɜɵɦ ɢ ɩɪɢ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ ɬɹɠɟɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɩɪɢ
ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɪɟɡɨɧɚɧɫɚ.
Ⱦɥɹ ɩɨɫɬɨɹɧɧɵɯ Ra ɢ Rc ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɟɬɫɹ ɫɟɞɥɨɦ ɩɪɢ
( )Ra S Rc> + +11 12 , (1.19) 
ɰɟɧɬɪɨɦ ɫ ɱɚɫɬɨɬɨɣ
Rc SX = 2 2
12
ɩɪɢ
Ra Rc S= + +12 12  (1.20) 
ɢ ɧɟɭɫɬɨɣɱɢɜɵɦ ɮɨɤɭɫɨɦ ɩɪɢ
( )Rc S Ra Rc S+ + < < + 212 12 12 12 .
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Ƚɪɚɧɢɰɵ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɢ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɟɣ ɩɟɪɟɫɟɤɚɸɬɫɹ ɩɪɢ
Rc S= 20 12 , ( )Ra S S= + +20 12 1 ;
ɫɢɫɬɟɦɚ ɧɟɪɚɜɟɧɫɬɜ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɨɛɥɚɫɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟ-
ɭɫɬɨɣɱɢɜɨɫɬɢ, ɢɦɟɟɬ ɪɟɲɟɧɢɹ ɩɪɢ Rc Rc> 0 . Ɋɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ
Ɋɢɫ. 1.2. 
Rc
Ra
12S2
12(S2+S+1)
0
12
ɫɟɞɥɨ
ɧɟɭɫɬɨɣɱɢɜɵɣ
ɮɨɤɭɫ
ɧɟɭɫɬɨɣɱɢɜɵɣ
ɭɡɟɥ
ɭɫɬɨɣɱɢɜɵɣ
ɮɨɤɭɫ
ɭɫɬɨɣɱɢɜɵɣ
ɭɡɟɥ
Ɋɢɫ. 1.2: ɋɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɬɹɠɟɫɬɢ. Ɍɢɩ ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɨɱɤɢ ɮɚɡɨɜɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ, ɨɬɜɟɱɚɸɳɟɣ ɫɨɫɬɨɹɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ, ɜ ɩɨɞ-
ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ.
ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɮɢɡɢɱɟɫɤɢ ɫɨɞɟɪɠɚɬɟɥɶɧɵɦɢ ɹɜ-
ɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɨɛɪɚɬɧɨɝɨ ɱɢɫɥɚ Ʌɶɸɢɫɚ S ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ ~ 0.01 (ɠɢɞɤɨɫɬɢ)
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ɞɨ ~ 1  (ɝɚɡɵ). ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɭɝɨɥ ɦɟɠɞɭ ɝɪɚɧɢɰɚɦɢ ɦɨɧɨɬɨɧɧɨɣ ɢ ɤɨɥɟɛɚ-
ɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɟɣ ɧɚ ɩɥɨɫɤɨɫɬɢ ( )Rc Ra, ɨɱɟɧɶ ɦɚɥ. ɉɨɷɬɨɦɭ ɟɫɬɟɫɬ-
ɜɟɧɧɚɹ ɞɥɹ ɪɟɡɨɧɚɧɫɧɵɯ ɹɜɥɟɧɢɣ ɤɨɨɪɞɢɧɚɬɧɚɹ ɫɟɬɤɚ – ɫɟɬɤɚ ɧɨɪɦɚɥɶɧɵɯ ɨɬ-
ɤɥɨɧɟɧɢɣ ɨɬ ɝɪɚɧɢɰ ɭɫɬɨɣɱɢɜɨɫɬɢ:
Rc S Rc S Ra
D S
+ 
w +
12
, (1.21) 
Ra Rcr Sw  1
12
 (1.22) 
– ɫɢɥɶɧɨ "ɫɩɥɸɫɧɭɬɚ". ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɦɧɨɝɢɟ ɪɟɡɭɥɶɬɚɬɵ ɫɭɳɟɫɬɜɟɧɧɨ ɭɞɨɛ-
ɧɟɟ ɩɪɟɞɫɬɚɜɥɹɬɶ ɧɚ ɩɥɨɫɤɨɫɬɢ ( )D r, , ɚ ɧɟ ( )Rc Ra, . Ɍɨɝɞɚ (1.19) ɢ (1.20) 
ɩɪɢɦɭɬ ɜɢɞ
D < 0 ɢ r = 0 ,
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.
1.3.2. ɋɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɬɹɠɟɫɬɢ, ɜɨɡɦɭɳɟɧɢɹ ɤɨɧɟɱɧɨɣ
ɞɥɢɧɵ ɜɨɥɧɵ
ɉɟɪɟɞ ɬɟɦ, ɤɚɤ ɩɪɨɞɨɥɠɚɬɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɞɚɱɢ ɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɦ ɩɪɢ-
ɛɥɢɠɟɧɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɰɟɧɧɨɫɬɶ ɬɚɤɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɪɚɫɫɦɨɬɪɟɜ
ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɤɨɧɟɱɧɨɣ ɞɥɢɧɵ ɜ ɩɨɫɬɨ-
ɹɧɧɨɦ ɩɨɥɟ ɬɹɠɟɫɬɢ. Ⱦɥɹ ɦɚɥɵɯ ɧɨɪɦɚɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɫ ɤɨɧɟɱɧɵɦ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɵɦ ɜɨɥɧɨɜɵɦ ɜɟɤɬɨɪɨɦ k
G
ɢ ɢɧɤɪɟɦɟɧɬɨɦ M ɢɡ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1.8)–
(1.11) ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ (1.5) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɭɸ ɥɢɧɟɣɧɭɸ
ɡɚɞɚɱɭ:
( ) ( )z k w k Rc k Ra RcG Rs  + +  =2 2 2 2 0 , (1.23) 
( ) ( )z zS k kMG G R= s  + s 2 2 2 2 , (1.24) 
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( )z k wMR R= s  +2 2 , (1.25) 
z = 0, 1: z zw R G= s = s = 0 . (1.26) 
Ɇɨɧɨɬɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ. ɉɪɢ M = 0 ɢɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɨɫɥɟɞɧɟɣ
ɫɢɫɬɟɦɵ ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɫɪɚɡɭ ɠɟ ɫɥɟɞɭɟɬ
SG R=  1 , (1.27) 
ɢ ɩɨɥɭɱɚɸɳɟɟɫɹ ɞɥɹ ɫɢɫɬɟɦɵ
( )( )zw k w k Ra S Rc Rs =   +2 2 2 11 , (1.28) 
z w kR Rs =  +
2 2 , (1.29) 
ɛɢɤɜɚɞɪɚɬɧɨɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ.
Ʌɢɧɟɣɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (1.28),(1.29), ɭɞɨɜɥɟɬɜɨ-
ɪɹɸɳɢɟ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ, ɞɚɸɬ ɫɢɦɦɟɬɪɢɱɧɵɟ:
( )
( )
( )
( )
( )
s n
s n
s n
s n
s n
k q k z
w z k
k q k
k q k z
k q k
  ¯ ¬­ ¡ °­ ®¡ °¢ ±= 

  ¯ ¬­+ ¡ °­ ®¡ °¢ ±
+
,
,
,
,
,
1cos
2,
cos
2
1ch
2 ,
ch
2
 (1.30) 
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( )
( )
( )
( )
( )
s n
s n
s n
s n
s n
s n
s n
k q k z
z k
k q k
kq
k q k z
k q k
kq
R
  ¯ ¬­ ¡ °­ ®¡ °¢ ±= +

  ¯ ¬­+ ¡ °­ ®¡ °¢ ±+
+
,
,
,
,
,
,
,
1cos
2,
cos
2
1ch
2
ch
2
 (1.31) 
ɢ ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɟ ɪɟɲɟɧɢɹ ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ:
( )
( )
( )
( )
( )
a n
a n
a n
a n
a n
k q k z
w z k
k q k
k q k z
k q k
  ¯ ¬­ ¡ °­ ®¡ °¢ ±= 

  ¯ ¬­+ ¡ °­ ®¡ °¢ ±
+
,
,
,
,
,
1sin
2,
sin
2
1sh
2 ,
sh
2
 (1.32) 
( )
( )
( )
( )
( )
a n
a n
a n
a n
a n
a n
a n
k q k z
z k
k q k
kq
k q k z
k q k
kq
R
  ¯ ¬­ ¡ °­ ®¡ °¢ ±= +

  ¯ ¬­+ ¡ °­ ®¡ °¢ ±+
+
,
,
,
,
,
,
,
1sin
2,
sin
2
1sh
2
sh
2
, (1.33) 
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ɝɞɟ n N ɢ ( )nq Ra Rc S S D w  + w 2 1 1..., 1 12 12 , ɩɪɢ ɤɨɬɨɪɨɦ ɧɟɣ-
ɬɪɚɥɶɧɨ ɭɫɬɨɣɱɢɜɵ ɜɨɡɦɭɳɟɧɢɹ n -ɝɨ ɩɨɪɹɞɤɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɢɦɦɟɬɪɢɢ ɫ
ɜɨɥɧɨɜɵɦ ɱɢɫɥɨɦ k , ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ
( ) ( )s s
s s
k q k k q k
q k q k
 +
  + =tg th 0
2 2
 (1.34) 
ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɢ
( ) ( )a a
a a
k q k k q k
q k q k
 +
 + + =ctg cth 0
2 2
 (1.35) 
– ɞɥɹ ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɯ. ȼ ɨɛɥɚɫɬɶ q k<  (ɤɚɤ ɢ ɜ ɨɛɥɚɫɬɶ ɱɢɫɬɨ ɦɧɢɦɵɯ q )
ɦɨɠɧɨ ɫɬɪɨɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɩɪɨɞɨɥɠɟɧɢɟ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ, ɧɨ ɬɚɦ ɧɟɬ ɧɟɬɪɢ-
ɜɢɚɥɶɧɵɯ ɪɟɲɟɧɢɣ.
ȼ ɨɤɪɟɫɬɧɨɫɬɢ ɝɪɚɧɢɰɵ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɞɥɢɧɧɨɜɨɥɧɨɜɵɦ ɜɨɡɦɭɳɟɧɢɹɦ ɢɡ ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (1.34), 
ɫɜɹɡɵɜɚɸɳɟɝɨ q ɢ k ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɜɨɡɦɭɳɟɧɢɣ, ɦɨɠɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɩɨ-
ɥɭɱɢɬɶ:
( ) ( )( ) Dk q Ra Rc S
S
x  =  +  = 2 2 17 7 2112 1 12
8 8 2
. (1.36) 
Ɍ.ɟ., ɤɚɤ ɦɢɧɢɦɭɦ, ɢɡ ɜɨɡɦɭɳɟɧɢɣ ɫ ɦɚɥɵɦɢ ɜɨɥɧɨɜɵɦɢ ɱɢɫɥɚɦɢ ɧɚɢɛɨɥɟɟ
ɨɩɚɫɧɵ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɧɚɥɢɬɢɱɟɫɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɱɬɨ
( )s nq k n k nk k
Q Q ¬ ¬ ­ ­ +  +  ­ ­ ­­ ­ ® ®
22 2
2
,
4 4 11 ,
2
, (1.37) 
a nq k n k nk k
Q Q ¬ ¬ ­ ­ +  + ­ ­ ­­ ­ ® ®
22 2
2
,
4 1 4,
2
, (1.38) 
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ɝɞɟ n N . Ⱦɥɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɟ ɭɪɚɜɧɟɧɢɟ
ɦɨɠɟɬ ɛɵɬɶ ɬɨɱɧɨ ɪɟɲɟɧɨ ɥɢɲɶ ɱɢɫɥɟɧɧɨ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ,
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ Ɋɢɫ. 1.3, ɞɟɦɨɧɫɬɪɢɪɭɸɬ, ɱɬɨ ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ ɫɬɚɰɢɨɧɚɪ-
ɧɵɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ.
0 20 40 60
q
0
4
8
12
16
20
k
Ɋɢɫ. 1.3: ɋɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɬɹɠɟɫɬɢ. ɍɪɨɜɧɢ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɫ ɤɨɧɟɱɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ kQ 12 .
ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ – ɝɪɚɧɢɰɵ ɢɧɬɟɪɜɚɥɨɜ, ɨɩɪɟɞɟɥɹɟɦɵɯ (1.37),(1.38), ɲɬɪɢɯɨ-
ɜɵɟ – ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɦɦɟɬɪɢɱɧɵɦ ɜɨɡɦɭɳɟɧɢɹɦ,
ɲɬɪɢɯɩɭɧɤɬɢɪɧɵɟ – ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɦ.
Ʉɨɥɟɛɚɬɟɥɶɧɵɟ ɜɨɡɦɭɳɟɧɢɹ. ɉɪɢ iM X= ɫɢɫɬɟɦɚ
( )zw k w k Rc k Ra RcG Rs =   
2 2 2 2 , (1.39) 
( )z S w k i S i SG X G X R  s = + + 2 1 2 1 1 , (1.40) 
( )z w k iR X Rs =  + +2 2 , (1.41) 
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ɚɧɚɥɨɝɢɱɧɚɹ (1.28),(1.29), ɢɦɟɟɬ ɛɢɤɭɛɢɱɟɫɤɨɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ
ɨɛɳɟɝɨ ɜɢɞɚ, ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɣ ɡɚ-
ɞɚɱɟɣ. ɉɨɷɬɨɦɭ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɝɪɚɧɢɰɵ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɫɬɚɧɞɚɪɬɧɚɹ ɩɪɨɰɟɞɭɪɚ. ɑɢɫɥɟɧɧɨ ɫɬɪɨɢɬɫɹ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɟ ɫɢɫɬɟɦɟ (1.39)–(1.41) ɥɢɧɟɣɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ A :
( ) ( )
z z
z z
z z
w w
w w
z z
G G
G G
R R
R R
£ ² £ ²¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦s s¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦= = =¤ » ¤ »s s¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦¦ ¦ ¦ ¦s s¦ ¦ ¦ ¦¦ ¦ ¦ ¦¥ ¼ ¥ ¼
1 0A ,
ɢ ɧɚɯɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɭɞɨɜɥɟɬɜɨɪɟɧɵ ɩɪɢ-
ɧɹɬɵɟ ɜ ɡɚɞɚɱɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɪɟɛɨɜɚ-
ɧɢɢ
A A A
A A A
A A A
=
12 13 15
42 42 42
62 62 62
0 .
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɨ ɬɨɦ, ɱɬɨ ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ ɤɨɥɟɛɚɬɟɥɶɧɵɦɢ
ɜɨɡɦɭɳɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ, ɞɨɫɬɚɬɨɱɧɨ ɧɚɣɬɢ ɝɪɚɧɢɰɭ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɞɥɹ ɫɚɦɵɯ ɨɩɚɫɧɵɯ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɜɨɥɧɨɜɨɝɨ ɱɢɫɥɚ ɜɨɡ-
ɦɭɳɟɧɢɣ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ (ɤɚɤ ɢ ɞɥɹ ɦɨɧɨ-
ɬɨɧɧɨɣ) ɫɭɳɟɫɬɜɭɟɬ ɛɟɫɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɭɪɨɜɧɟɣ, ɧɨ ɫɬɚɪɲɢɟ ɭɪɨɜɧɢ ɦɨɝɭɬ
ɩɪɟɞɫɬɚɜɥɹɬɶ ɥɢɲɶ ɚɤɚɞɟɦɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɫɱɟɬɚ ɩɨɞ-
ɬɜɟɪɠɞɚɸɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ. ɉɪɢɦɟɪɵ ɩɨɥɭɱɟɧɧɵɯ
ɝɪɚɧɢɰ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 1.4. 
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S = 0.01
S = 1
Ɋɢɫ. 1.4: ɋɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɬɹɠɟɫɬɢ. ɍɪɨɜɧɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɨɬ-
ɧɨɲɟɧɢɸ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɫ ɤɨɧɟɱɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ kQ 12 . ɉɪɚɜɚɹ ɩɨɜɟɪɯ-
ɧɨɫɬɶ – ɝɪɚɧɢɰɚ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ, ɥɟɜɚɹ – ɦɨɧɨɬɨɧɧɨɣ. ȼɢɞɧɨ, ɱɬɨ
ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ ɹɜɥɹɸɬɫɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ.
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1.4. ɉɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɤɨɧɜɟɤɰɢɢ ɩɪɢ
ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɦɨɞɭɥɹɰɢɢ ɩɨɥɹ ɬɹɠɟɫɬɢ
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɧɨɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠ-
ɞɟɧɢɟ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɬɟɱɟɧɢɣ. ɉɨɫɤɨɥɶɤɭ ɜ ɢɫɯɨɞɧɵɯ ɟɞɢɧɢɰɚɯ ɢɡɦɟɪɟɧɢɹ
ɜɪɟɦɟɧɢ ɷɜɨɥɸɰɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɦɟɞɥɟɧɧɨ, ɪɟɡɨ-
ɧɚɧɫɧɵɟ ɞɥɹ ɷɬɢɯ ɜɨɡɦɭɳɟɧɢɣ ɱɚɫɬɨɬɵ ɦɚɥɵ (ɜ ɢɫɯɨɞɧɵɯ ɟɞɢɧɢɰɚɯ ɢɡɦɟɪɟɧɢɹ).
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɞɟɫɶ ɧɢɡɤɨɱɚɫɬɨɬɧɨɫɬɶ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɨɡɧɚɱɚ-
ɟɬ ɞɥɢɧɧɨɜɨɥɧɨɜɨɫɬɶ ɜɨɡɛɭɠɞɚɟɦɵɯ ɬɟɱɟɧɢɣ.
1.4.1. Ⱦɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ
(ɩɪɨɬɹɠɟɧɧɚɹ ɨɝɪɚɧɢɱɟɧɧɚɹ ɨɛɥɚɫɬɶ)
ɍɬɨɱɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɢɫɤɪɟɬɧɨɫɬɢ ɫɩɟɤɬɪɚ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ ɧɟɨɛɯɨ-
ɞɢɦɨ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɫɟ ɜɨɡɦɭɳɟɧɢɹ ɜɨɡ-
ɛɭɠɞɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɡɚɜɢɫɢɬ ɥɢɲɶ ɯɚɪɚɤɬɟɪɧɵɣ ɜɪɟ-
ɦɟɧɧɨɣ ɦɚɫɲɬɚɛ ɢɯ ɷɜɨɥɸɰɢɢ. ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɨɬɞɟɥɶɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɫ ɮɢɤ-
ɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɧɨɣ ɜɨɥɧɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɥɢɲɶ ɩɪɢ ɞɢɫɤɪɟɬɧɨɦ ɫɩɟɤ-
ɬɪɟ. ɉɪɢ ɭɩɨɦɢɧɚɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɢ ɛɭɞɟɬ
ɢɦɟɬɶɫɹ ɜ ɜɢɞɭ, ɱɬɨ ɫɥɨɣ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ ɬɨɧɤɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟ-
ɩɢɩɟɞɚ ɫ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɢ ɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɛɨɤɨɜɵɦɢ ɝɪɚɧɢɰɚɦɢ. Ʉɨ-
ɝɞɚ ɛɭɞɟɬ ɭɱɢɬɵɜɚɬɶɫɹ ɥɢɲɶ ɨɞɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɛɭɞɟɬ ɧɟɹɜɧɨ
ɩɨɞɪɚɡɭɦɟɜɚɬɶɫɹ, ɱɬɨ ɪɚɡɦɟɪɵ ɨɛɥɚɫɬɢ ɜɨ ɜɬɨɪɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ
ɦɧɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɭɱɢɬɵɜɚɟɦɨɦ.
Ʉɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɩɪɢ ɜɵɜɨɞɟ ɭɪɚɜɧɟɧɢɹ (1.18) ɞɥɹ ɷɜɨɥɸɰɢɢ
ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɱɢɫɥɚ Ɋɟɥɟɹ ɧɟ ɜɵɧɨɫɢɥɢɫɶ ɢɡ-ɩɨɞ ɨɩɟɪɚɬɨɪɚ ɞɢɮɮɟɪɟɧɰɢ-
ɪɨɜɚɧɢɹ ɩɨ ɜɪɟɦɟɧɢ, ɢ ɩɨɬɨɦɭ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɨɫɬɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦ ɩɪɢ ɩɟɪɟ-
ɦɟɧɧɨɦ ɩɨɥɟ ɬɹɠɟɫɬɢ. ȼɵɩɨɥɧɢɜ ɩɨɞɫɬɚɧɨɜɤɭ ( )Ra Ra a t8l +1 cos ,
( )Rc Rc a t8l +1 cos ɢ ɢɡɦɟɧɢɜ ɦɚɫɲɬɚɛ ɜɪɟɦɟɧɢ ɜ 8 /2 ɪɚɡ, ɦɨɠɧɨ ɩɨ-
ɥɭɱɢɬɶ
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r Dt tK F K FC K
8 8
 ¬ ¬ ­­ +   +  =­­  ­ ­ ®  ®2
2 4cos2 cos2 0  , (1.42) 
ɝɞɟ
( ) ( )a Ra Rc a r SF
8 8

w = + +2 1
6
ɢ
( )
( )
a S Ra S Rc Rc a S DFC
8 8
 
w = 2 2
4
3
.
Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ (1.42). ȿɟ ɮɚɡɨɜɵɣ ɩɨɬɨɤ ɧɚ ɩɥɨɫɤɨɫɬɢ K K( , ) ɢɦɟɟɬ
ɞɢɜɟɪɝɟɧɰɢɸ
rF tF
8
¸ = +2 cos2
G
. (1.43) 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɮɭɧɤɰɢɹɦ Ɏɥɨɤɟ, ɨɩɪɟɞɟɥɹɟɬ
ɢɡɦɟɧɟɧɢɟ ɷɥɟɦɟɧɬɚ ɮɚɡɨɜɨɝɨ ɨɛɴɟɦɚ, ɡɚɧɢɦɚɟɦɨɝɨ ɧɟɤɨɬɨɪɵɦ ɦɧɨɠɟɫɬɜɨɦ
ɛɥɢɡɤɢɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ, ɡɚ ɩɟɪɢɨɞ ɦɨɞɭɥɹɰɢɢ:
r
F dt e
Q Q
8--
 ¬­ ­= ¸ =­ ­ ®¨
2
1 2
0
exp
G
. (1.44) 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ ɤɨɦɩɥɟɤɫɧɵɟ, ɬɨ iR e L- ±=1, 2 ɢ
r
R e
Q
8-- = =
2
2
1 2 , (1.45) 
ɚ ɡɧɚɱɢɬ, ɦɨɞɭɥɹɰɢɹ ɜɥɢɹɟɬ ɥɢɲɶ ɧɚ L . Ɍ.ɟ. ɜ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ
ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɦɨɞɭɥɹɰɢɢ ɨɫɬɚɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ, ɦɨɞɭɥɶ ɷɬɢɯ ɦɭɥɶɬɢɩɥɢɤɚ-
ɬɨɪɨɜ
r Ra Rc SQ Q-
8 8
 ¬ ¬ ¬ ­ ­­ = =   ­­­   ­­ ®  ® ®1, 2
| | exp exp 1
12
 (1.46) 
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ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɚɦɩɥɢɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɦɨɞɭɥɹɰɢɢ. ɇɨ ɨɬ ɩɨɫɥɟɞɧɢɯ ɡɚɜɢɫɹɬ ɝɪɚ-
ɧɢɰɵ ɷɬɢɯ ɨɛɥɚɫɬɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ (1.45) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ r > 0 ɪɚɜɧɨɜɟɫɢɟ
ɜɫɟɝɞɚ ɧɟɭɫɬɨɣɱɢɜɨ.
Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ (1.42) ɬɪɟɛɭɟɬ ɩɪɢɜɥɟɱɟɧɢɹ ɦɟɬɨɞɨɜ
ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ (ɞɥɹ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞ ɦɨɞɭɥɹɰɢɢ) ɢ ɱɢɫɥɟɧɧɨɝɨ ɫɱɟɬɚ (ɞɥɹ
ɤɨɧɟɱɧɵɯ ɚɦɩɥɢɬɭɞ ɦɨɞɭɥɹɰɢɢ).
Ɇɚɥɵɟ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɣ. Ɋɚɫɫɦɨɬɪɢɦ ɫɧɚɱɚɥɚ ɩɨɩɪɚɜɤɢ ɤ ɝɪɚɧɢɰɟ
ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɧɟɦɨɞɭɥɢɪɨɜɚɧ-
ɧɨɣ ɫɢɫɬɟɦɵ (ɜ ɚɤɬɭɚɥɶɧɨɣ ɡɞɟɫɶ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ r 1 ). Ʉɨɦɩɥɟɤɫɧɵɦ
ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɚɦ ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɲɟɧɢɹ ɫɨ ɫɩɟɤ-
ɬɪɨɦ ( ) ( )n mn mF a m nX E X= + 0, , ɝɞɟ n = ±1. ɇɟɪɟɡɨɧɚɧɫɧɵɟ ɩɨɩɪɚɜɤɢ
ɞɚɸɬ ɞɥɹ ɷɬɢɯ ɪɟɲɟɧɢɣ ɬɚɤɨɣ ɫɞɜɢɝ ɱɚɫɬɨɬ, ɱɬɨ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ X0 ɧɚɛɥɸɞɚɟɬ-
ɫɹ (ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɬ.ɟ. ɩɪɢ r = 0 ) ɩɪɢ
( )D O8 X 8 X 8 F X CE F
X
+w + = + +

2 2 2 2 2 2 2 2
40 0 0
2
04 4 32 1
. (1.47) 
Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɠɟ ɫɞɜɢɝɭ ɪɟɡɨɧɚɧɫɧɵɟ ɦɟɲɤɢ ɫɦɟɳɟɧɵ ɜɞɨɥɶ ɝɪɚɧɢɰɵ
ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɩɟɪɜɨɝɨ ɪɟɡɨɧɚɧɫɚ ɷɬɨ
ɜɵɪɚɠɟɧɢɟ, ɨɞɧɚɤɨ, ɧɟɫɩɪɚɜɟɞɥɢɜɨ ɜ ɫɢɥɭ ɫɜɨɟɣ ɪɚɫɯɨɞɢɦɨɫɬɢ. ɇɨ ɧɟɪɟɡɨɧɚɧɫ-
ɧɵɟ ɩɨɩɪɚɜɤɢ ɩɨɥɭɱɚɸɬɫɹ ɢɡ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɨɪɹɞɤɨɜ ɪɚɡɥɨɠɟɧɢɹ ɭɪɚɜɧɟɧɢɹ
(1.42), ɱɟɦ ɩɟɪɜɵɣ ɪɟɡɨɧɚɧɫ ɢ, ɩɨɬɨɦɭ, ɞɥɹ ɧɟɝɨ ɧɟ ɫɭɳɟɫɬɜɟɧɧɵ.
ɇɢɠɟɩɪɢɜɟɞɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɡɚɞɚɸɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɦɧɨɠɟ-
ɫɬɜɚ, ɧɚ ɤɨɬɨɪɵɯ ɨɞɢɧ ɢɡ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɜ ɜ ɫɜɹɡɢ ɫ ɪɟɡɨɧɚɧɫɨɦ ɭɤɚɡɚɧɧɨɝɨ
ɩɨɪɹɞɤɚ ɪɚɜɟɧ ±1 .
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X =0 1: - = 1,
( )( ) ( ) ( )rrO OE
F C
E F F
8
+ ¬­+ + + =­ ­ ®
2 22
22 2 12
4 ;
X =0 2 : - = +1,
( ) ( ) ( ) ( )r
rO OE
F C F C C
E F F
8
 ¬+ + ¬­ ­ ­  + + + =­ ­ ­­  ® ­ ®
22 2 4 2 22
3 34 44
24 256
;
X =0 3 : - =1,
( ) ( ) ( ) ( ) ( )r
rO OE
F C F C C
E F F
8
 ¬+ + + ¬­ ­ ­  + + + =­ ­ ­­  ® ­ ®
2 22 2 6 2 22
4 49 1 99
64 262144
.
ɇɚ ɱɚɫɬɢ ɦɧɨɠɟɫɬɜɚ, ɥɟɠɚɳɟɣ ɜɧɟ ɨɛɥɚɫɬɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɦɨɞɭɥɢɪɨɜɚɧɧɨɣ
ɫɢɫɬɟɦɵ, ɱɟɪɟɡ 1 ɩɪɨɯɨɞɢɬ ɦɨɞɭɥɶ ɛɨɥɶɲɟɝɨ ɩɨ ɚɛɫɨɥɸɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɦɭɥɶ-
ɬɢɩɥɢɤɚɬɨɪɚ.
Ɍɟɩɟɪɶ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɨɩɪɚɜɤɢ ɤ ɝɪɚɧɢɰɟ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣ-
ɱɢɜɨɫɬɢ ɧɟɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. ȼ ɨɤɪɟɫɬɧɨɫɬɢ ɷɬɨɣ ɝɪɚɧɢɰɵ r < 0 ɢ ɧɟ-
ɦɚɥɨ, ɚ D 1 . ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɱɬɨ ɝɪɚɧɢɰɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɞɜɢɠɟɧɢɹɦ ɫ ɧɟɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɩɪɢ
ɞɚɧɧɨɦ r ɫɦɟɳɚɟɬɫɹ ɧɚ
( ) ( )
( )
( )
( )
rD O
r
Rc Rc S Sa S O a
Rc S S
8 F C C F
88
8
 ¬­=   + =­ ­ ®+
 +
=  +
 +
4
2 4
2 2
22
4
2
2 2 2
2
32
12 12
2 12 144
 (1.48) 
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(ɧɚɩɨɦɧɢɦ, ɱɬɨ ɛɟɡ ɦɨɞɭɥɹɰɢɢ ɝɪɚɧɢɰɟ ɨɬɜɟɱɚɟɬ D = 0 ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɢɛ-
ɪɚɰɢɢ ɦɨɝɭɬ ɧɟ ɬɨɥɶɤɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɦɨɧɨɬɨɧɧɵɣ ɭɪɨɜɟɧɶ, ɧɨ ɢ ɞɟɫɬɚɛɢɥɢ-
ɡɢɪɭɸɬ ɟɝɨ ɩɪɢ
( )( )
( )( )
ï ðè
ï ðè
S S S
Rc
S S S
£¦   <¦¦ ¤¦   >¦¦¥
12 1 , 0 , 1;
0, 12 1 , 1.
 (1.49) 
Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɝɪɚɧɢɰ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɟɪɢɨɞɢɱɟɫɤɢɦ
ɞɜɢɠɟɧɢɹɦ ɫ ɧɟɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɢ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɦ ɞɜɢɠɟɧɢɹɦ ɫɩɟɰɢɚɥɶ-
ɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɧɟ ɬɪɟɛɭɟɬ, ɩɨɫɤɨɥɶɤɭ ɦɨɞɭɥɢ ɤɨɦɩɥɟɤɫɧɵɯ ɦɭɥɶɬɢɩɥɢɤɚɬɨ-
ɪɨɜ ɦɨɞɭɥɹɰɢɢ "ɧɟ ɱɭɜɫɬɜɭɸɬ", ɚ ɞɥɹ ɩɨɩɪɚɜɨɤ ɤ "ɛɵɜɲɟɦɭ ɦɨɧɨɬɨɧɧɨɦɭ"
ɭɪɨɜɧɸ ɫɩɪɚɜɟɞɥɢɜ ɩɪɟɞɟɥɶɧɵɣ ɩɟɪɟɯɨɞ r l 0 . Ɍ.ɟ. ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɜɛɥɢɡɢ ɨɩɢɫɚɧɧɨɣ ɬɨɱɤɢ – ɷɬɨ ɤɪɢɜɵɟ:
( ) ( )D O r r
FC8
F F=  + <
2
4 2, , 0
2
ɞɥɹ - = 1 ; (1.50) 
( )
( )r D O
FC8
F= > +
2
40,
2
ɞɥɹ - -= v1, arg 0 . (1.51) 
Ʉɨɧɟɱɧɵɟ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɣ. Ʉɚɤ ɢ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɪɚɫɫɦɨɬɪɟ-
ɧɢɟ ɫɥɭɱɚɹ ɤɨɧɟɱɧɵɯ ɚɦɩɥɢɬɭɞ ɜɢɛɪɚɰɢɣ ɬɪɟɛɭɟɬ ɱɢɫɥɟɧɧɨɝɨ ɫɱɟɬɚ. ɇɚ Ɋɢɫ. 1.5 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɨɝɨ ɫɱɟɬɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ S , ɯɚɪɚɤɬɟɪ-
ɧɵɯ ɞɥɹ ɠɢɞɤɨɫɬɟɣ (S ~ 0.01) ɢ ɝɚɡɨɜ (S ~ 1).
ɉɨɫɤɨɥɶɤɭ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɧɟ ɮɢɤɫɢɪɨɜɚɧɨ, ɚ ɟɫɬɶ ɧɟɤɨɬɨ-
ɪɵɣ ɧɚɛɨɪ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ (ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɥɨɹ – ɞɢɫɤɪɟɬɧɵɣ), ɧɚɦ ɫɥɟɞɭɟɬ
ɜɫɩɨɦɧɢɬɶ, ɱɬɨ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɫ ɜɨɥɧɨɜɵɦ ɱɢɫɥɨɦ k ɜɜɨɞɢɥɚɫɶ
ɡɚɦɟɧɚ ɜɪɟɦɟɧɢ k t tl2 . ɋɥɟɞɨɜɚɬɟɥɶɧɨ
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Ɋɢɫ. 1.5: Ɇɨɞɭɥɹɰɢɹ ɩɨɥɹ ɬɹɠɟɫɬɢ. ɇɚ ɝɪɚɮɢɤɟ ɨɬɥɨɠɟɧ ɦɨɞɭɥɶ ɛɨɥɶɲɟɝɨ ɩɨ ɚɛ-
ɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɫ ɛɨɥɶɲɨɣ
ɞɥɢɧɨɣ ɜɨɥɧɵ ɩɪɢ 8 = 1. ɀɢɪɧɚɹ ɱɟɪɧɚɹ ɥɢɧɢɹ – ɝɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɬ-
ɧɨɲɟɧɢɸ ɤ ɞɚɧɧɨɦɭ ɜɨɡɦɭɳɟɧɢɸ; ɜ ɬɟɦɧɨ-ɫɟɪɵɯ ɨɛɥɚɫɬɹɯ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ ɨɬ-
ɪɢɰɚɬɟɥɶɧɵɟ, ɜ ɫɜɟɬɥɨ-ɫɟɪɵɯ – ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɜ ɛɟɥɵɯ – ɤɨɦɩɥɟɤɫɧɵɟ.
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Ɋɢɫ. 1.6: Ɇɨɞɭɥɹɰɢɹ ɩɨɥɹ ɬɹɠɟɫɬɢ. Ƚɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɧɟɫɤɨɥɶɤɢɦ ɩɟɪɜɵɦ ɝɚɪɦɨɧɢɤɚɦ ɜ ɫɥɭɱɚɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɩɟɤɬɪɚ ɜɨɥɧɨɜɵɯ
ɱɢɫɟɥ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɭɤɚɡɚɧɵ ɧɚ ɝɪɚɮɢɤɚɯ. ȼ ɧɢɠɧɟɦ
ɩɪɚɜɨɦ ɭɝɥɭ ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɭɫɬɨɣɱɢɜɨ.
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k8 8= 2 0 , (1.52) 
ɝɞɟ 80  – ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ ɩɨɥɹ ɬɹɠɟɫɬɢ ɜ ɬɟɩɥɨɜɵɯ ɟɞɢɧɢɰɚɯ, ɚ 8  – ɱɚɫɬɨɬɚ,
ɜɯɨɞɹɳɚɹ ɜ ɭɪɚɜɧɟɧɢɟ (1.42) ɞɥɹ ɷɜɨɥɸɰɢɢ ɜɨɡɦɭɳɟɧɢɹ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ k . Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɥɚɫɬɶ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɯɨɞɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ
ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɨɛɴɟɞɢɧɟɧɢɟ ɨɛɥɚɫɬɟɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɣ
ɫɢɫɬɟɦɵ (1.42), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɫɤɪɟɬɧɨɦɭ ɧɚɛɨɪɭ ɡɧɚɱɟɧɢɣ 8 ɢɡ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɫɬɢ
n x y
x x y y
n n Z
k n k n
88
£ ²¦ ¦¦ ¦= ¤ »¦ ¦+¦ ¦¥ ¼
0
2 2 2 2
min min
; , . (1.53) 
Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɨɛɪɚɳɟɧɢɟ xn ɢ yn ɜ ɧɨɥɶ ɨɡɧɚɱɚɟɬ ɨɞɧɨɪɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɇɚ
Ɋɢɫ. 1.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɬɚɤɨɝɨ ɨɛɴɟɞɢɧɟɧɢɹ ɨɛɥɚɫɬɟɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ
ɞɥɹ ɤɨɧɟɱɧɨɣ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɣ ɩɪɢ yn = 0  (ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɡɦɟɪɵ
ɜɞɨɥɶ y ɦɚɥɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɜɞɨɥɶ x ).
1.4.2. ɇɟɩɪɟɪɵɜɧɵɣ ɫɩɟɤɬɪ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ
(ɛɟɫɤɨɧɟɱɧɵɣ ɫɥɨɣ)
Ⱦɥɹ ɛɟɫɤɨɧɟɱɧɨɣ ɨɛɥɚɫɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (1.53) ɩɟɪɟɯɨɞɢɬ ɜ ɧɟɩɪɟ-
ɪɵɜɧɨɟ ɦɧɨɠɟɫɬɜɨ, ɚ ɝɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɭɞɟɬ
ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɨɝɢɛɚɸɳɭɸ ɤ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦɭ ɦɧɨɠɟɫɬɜɭ ɝɪɚɧɢɰ
ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (1.42), ɨɬɜɟɱɚɸɳɢɯ ɪɚɡɧɵɦ ɡɧɚɱɟɧɢɹɦ 8 .
ȼ ɬɨɱɤɟ ɤɚɫɚɧɢɹ ɨɝɢɛɚɸɳɟɣ ɢ ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɬɜɟɱɚɸɳɟɣ ɡɚɞɚɧɧɨɦɭ
ɡɧɚɱɟɧɢɸ 8 , ɫɢɫɬɟɦɚ ɧɟɣɬɪɚɥɶɧɨ ɭɫɬɨɣɱɢɜɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɡɦɭɳɟɧɢɸ ɫ
ɜɨɥɧɨɜɵɦ ɱɢɫɥɨɦ k 8 8= 0 / .
ɉɨɩɪɚɜɤɢ ɤ ɤɨɥɟɛɚɬɟɥɶɧɨɦɭ ɭɪɨɜɧɸ ɩɪɢ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞɚɯ ɜɢɛɪɚ-
ɰɢɣ. ɉɪɢ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞɚɯ ɦɨɞɭɥɹɰɢɢ ɢɫɤɨɦɚɹ ɨɝɢɛɚɸɳɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭ-
ɱɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɝɪɚɧɢɰɚ ɨɛɥɚɫɬɢ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɤɨɥɟɛɚɬɟɥɶ-
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ɧɨɝɨ ɭɪɨɜɧɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɥɢɲɶ ɩɟɪɜɵɦ ɪɟɡɨɧɚɧɫɨɦ1. ɉɪɢ ɦɚɥɨɣ ɦɨɞɭɥɹ-
ɰɢɢ
a S a S D r
r
88
F
E 8 = =
 ¬  ¬s s­ ­ ­ ­ ­ ­  ®  ®s s 2, , , , , 0
4
 ,
ɝɞɟ ɱɟɪɬɚ ɫɜɟɪɯɭ ɨɛɨɡɧɚɱɚɟɬ ɯɚɪɚɤɬɟɪɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. ɗɬɨ ɩɨ-
ɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɟɪɧɨɟ ɜ ɜɟɞɭɳɟɦ ɩɨɪɹɞɤɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɝɢɛɚɸɳɟɣ, ɥɢɲɶ
ɦɚɤɫɢɦɢɡɢɪɭɹ r ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ 8 . ɉɨɫɥɟɞɧɟɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ E = 0 .
Ɍɨɝɞɚ ɝɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɞɚɟɬɫɹ ɜ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɜɢɞɟ ɫɢɫɬɟɦɨɣ:
D r8 8 F F C= =  +
2
2 2 2, .
4 4
 (1.54) 
ɉɚɪɚɦɟɬɪɨɦ ɡɞɟɫɶ ɜɵɫɬɭɩɚɟɬ ( )8  d0, . ɂɫɤɥɸɱɚɹ ɢɡ ɷɬɨɣ ɫɢɫɬɟɦɵ ɱɚɫɬɨɬɭ
ɢ ɩɨɦɧɹ ɨ ɦɚɥɨɫɬɢ r , ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɹɜɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɝɢɛɚɸɳɟɣ ɜɛɥɢɡɢ
ɝɪɚɧɢɰɵ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ:
( )cr
a Sr S D O a
D
=  + + + +
2
2 21
2
. (1.55) 
ȼɜɢɞɭ ɜɚɠɧɨɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɢɦɟɟɬ ɫɦɵɫɥ ɩɪɢɜɟɫɬɢ ɟɝɨ ɢ ɜ ɬɟɪɦɢ-
ɧɚɯ ɱɢɫɟɥ Ɋɟɥɟɹ:
( )cr
SRcRa Rc S a O a
Rc S
= + +  + + +

2
2
2
12
12 12 6 1
12 12
. (1.56) 
                                          
1 ȼ ɩɪɢɧɰɢɩɟ, ɜɨɡɦɨɠɧɚ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɪɟɡɨɧɚɧɫ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɦɨɠɟɬ ɩɪɨɩɚɞɚɬɶ ɩɪɢ ɧɟ-
ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ, ɢ ɬɨɝɞɚ ɧɚɲɟ ɭɬɜɟɪɠɞɟɧɢɟ ɛɭɞɟɬ ɧɟɜɟɪɧɨ, ɧɨ, ɤɚɤ ɩɨɤɚɡɚɧɨ
ɧɢɠɟ, ɩɨɩɪɚɜɤɢ ɤ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɟɪɜɵɦ ɪɟɡɨɧɚɧɫɨɦ, ɜɫɟɝɞɚ a~ , ɢ ɞɥɹ
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɜɟɪɯɧɟɟ ɭɬɜɟɪɠɞɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɜɫɟɝɞɚ.
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ɇɟɣɬɪɚɥɶɧɨ ɭɫɬɨɣɱɢɜɵɟ ɧɚ ɷɬɨɣ ɨɝɢɛɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɹ ɢɦɟɸɬ ɦɭɥɶɬɢɩɥɢɤɚ-
ɬɨɪ - = 1 ɢ ɜɨɥɧɨɜɨɣ ɜɟɤɬɨɪ
( )( ) ( )( )cr
Rck D O a S O a8 8

  ¬­= + =  +­ ­ ®
1
1
420 04 1 1
2 2 12
. (1.57) 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɵɪɚɠɟɧɢɟ (1.55) (ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ (1.56)) ɪɚɫɯɨɞɹɬɫɹ
ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ. ȼɩɪɨɱɟɦ,
ɜɛɥɢɡɢ ɬɨɱɤɢ ɷɬɨɣ ɪɚɫɯɨɞɢɦɨɫɬɢ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɫɚɦɵɯ ɨɩɚɫɧɵɯ ɜɨɡɦɭɳɟɧɢɣ
ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɢɦ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɞɥɢɧɧɨɜɨɥɧɨɜɨɫɬɢ ɧɚɪɭɲɚɟɬɫɹ.
ɉɨɩɪɚɜɤɢ ɤ ɦɨɧɨɬɨɧɧɨɦɭ ɭɪɨɜɧɸ ɩɪɢ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞɚɯ ɜɢɛɪɚɰɢɣ.
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢɫɤɨɦɨɣ ɨɝɢɛɚɸɳɟɣ ɜɛɥɢɡɢ ɦɨɧɨɬɨɧɧɨɝɨ ɭɪɨɜɧɹ ɧɭɠɧɨ ɦɚɤ-
ɫɢɦɢɡɢɪɨɜɚɬɶ ɨɬɤɥɨɧɟɧɢɟ  (1.48) ɝɪɚɧɢɰɵ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɞɜɢɠɟɧɢɹɦ ɫ ɧɟɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɩɨ ɜɪɟɦɟɧɢ ɜɝɥɭɛɶ ɨɛ-
ɥɚɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɜɚɪɶɢɪɭɹ 8 . ɗɬɨ ɨɬɤɥɨɧɟɧɢɟ
ɷɤɫɬɪɟɦɚɥɶɧɨ ɩɪɢ 8 = 0 , ɤɨɝɞɚ D ɦɚɤɫɢɦɚɥɟɧ, ɢ ɩɪɢ 8 =d , ɤɨɝɞɚ
D = 0 . ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɚɥɶɧɨ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ
( )
( )
( )
( )ï ðè
cr
cr
Rc Rc S Sa SD O a
Rc S
k Rc Rc S S
 + 
= +

=d  + <
22
4
2
2
2
12 12
,
2 12
, 12 12 0,
 (1.58) 
( )ï ðècr crD k Rc Rc S S= =  + >20, 0, 12 12 0.  (1.59) 
ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵ ɤɨɪɨɬɤɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ
ɧɚɲɟ ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɧɭɸ ɰɟɧɧɨɫɬɶ: ɜɵɪɚɠɟɧɢɟ
ɞɥɹ ɝɪɚɧɢɰɵ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɩɪɢ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞɚɯ ɜɢɛɪɚɰɢɣ ɨɫɬɚɟɬɫɹ ɫɩɪɚɜɟɞ-
ɥɢɜɵɦ, ɧɨ ɤɪɢɬɢɱɟɫɤɨɟ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ – ɤɨɧɟɱɧɨ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɧɚɢɛɨɥɟɟ
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ɨɩɚɫɧɵ ɨɞɧɨɪɨɞɧɵɟ ɜɨɡɦɭɳɟɧɢɹ. ȼ ɬɟɪɦɢɧɚɯ ɱɢɫɟɥ Ɋɟɥɟɹ ɜɵɪɚɠɟɧɢɹ (1.58)–
(1.59) ɩɪɢɧɢɦɚɸɬ ɜɢɞ
( )
( )
( )
( )( )
( )( )
crRa S Rc
Rc Rc S S
a Rc Rc S S
Rc S
Rc Rc S S
= + +
£¦  +¦¦   <¦¦¦ + ¤¦¦¦¦   >¦¦¥
1
2
2
2
2
12 1
12 12
6 , 12 1 0;
12
0, 12 1 0.
 (1.60) 
ɇɚ ɷɬɨɣ ɝɪɚɧɢɰɟ ɤɪɢɬɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɢɦɟɸɬ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪ - = +1.
ɉɪɢ ɤɨɧɟɱɧɵɯ ɚɦɩɥɢɬɭɞɚɯ ɜɢɛɪɚɰɢɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɥɟɛɚɧɢɹɦ ɫ ɧɟɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ (ɩɨ ɜɪɟɦɟɧɢ)
ɪɚɫɯɨɞɢɦɨɫɬɟɣ ɧɟ ɜɨɡɧɢɤɚɟɬ: ɝɪɚɧɢɰɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɥɟɛɚ-
ɧɢɹɦ ɫ ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ (ɩɨ ɜɪɟɦɟɧɢ) ɜɟɞɟɬ ɫɟɛɹ ɝɥɚɞɤɨ, ɚ ɤɪɢɬɢɱɟɫɤɢɟ ɜɨɥɧɨ-
ɜɵɟ ɱɢɫɥɚ ɦɚɥɵ. ɏɚɪɚɤɬɟɪɧɵɟ ɩɪɢɦɟɪɵ ɨɝɢɛɚɸɳɢɯ ɞɥɹ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 1.7. 
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Ɋɢɫ. 1.7: Ɇɨɞɭɥɹɰɢɹ ɩɨɥɹ ɬɹɠɟɫɬɢ. Ƚɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɫɥɭɱɚɟ ɧɟ-
ɩɪɟɪɵɜɧɨɝɨ ɫɩɟɤɬɪɚ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ. ȼ ɩɪɟɞɟɥɚɯ ɫɟɪɨɣ ɨɛɥɚɫɬɢ ɫɢɫɬɟɦɚ ɧɟɭɫɬɨɣ-
ɱɢɜɚ; ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɶ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɤɨɬɨɪɨɣ ɦɨɝɭɬ ɜɨɡ-
ɛɭɠɞɚɬɶɫɹ ɜɨɡɦɭɳɟɧɢɹ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɦ; ɫɩɥɨɲɧɚɹ – ɫ ɨɬɪɢ-
ɰɚɬɟɥɶɧɵɦ.
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Ƚɥɚɜɚ 2: Ɍɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɫɥɨɟ
ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ
ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ, ɢɫɫɥɟɞɭɟɬɫɹ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧ-
ɧɚɹ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɬɨɧɤɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɧɨ ɬɟɩɟɪɶ ɨɫɧɨɜ-
ɧɨɣ ɢɧɬɟɪɟɫ ɭɞɟɥɹɟɬɫɹ ɩɨɜɟɞɟɧɢɸ ɫɢɫɬɟɦɵ ɩɪɢ ɧɚɥɢɱɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ
ɩɪɢɦɟɫɢ ɢɥɢ ɬɟɩɥɚ.
Ʉɨɧɤɪɟɬɧɨ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɠɢɦɵ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ
ɤɨɧɜɟɤɰɢɢ ɨɬ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ/ɫɬɨɤɚ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ. Ɂɚ ɢɫɤɥɸ-
ɱɟɧɢɟɦ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟ ɠɟ ɝɪɚ-
ɧɢɱɧɵɟ ɭɫɥɨɜɢɢ ɢ ɭɪɚɜɧɟɧɢɹ, ɱɬɨ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɬɟ
ɠɟ ɭɪɚɜɧɟɧɢɹ ɷɜɨɥɸɰɢɢ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ. ɉɨɫɤɨɥɶɤɭ ɨɤɚɡɵɜɚɟɬɫɹ,
ɱɬɨ ɪɟɲɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɥɨɤɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨɬɨɤɨɜ (ɬɟɩɥɚ ɢ
ɩɪɢɦɟɫɢ), ɬɨ ɫɬɪɭɤɬɭɪɚ ɢɫɬɨɱɧɢɤɚ ɢ ɬɨ, ɤɚɤ ɨɧ ɨɪɝɚɧɢɡɨɜɚɧ, ɧɟ ɜɥɢɹɸɬ ɧɚ ɬɟɱɟ-
ɧɢɟ ɜ ɤɨɧɤɪɟɬɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ: ɷɬɨ ɬɟɱɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶɸ ɢɫɬɨɱɧɢɤɚ. ɉɪɢ ɷɬɨɦ ɧɭɠɧɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɨɥɭɱɚɟɦɵɟ ɪɟɲɟ-
ɧɢɹ ɫɩɪɚɜɟɞɥɢɜɵ ɥɢɲɶ ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɨɝɨ ɤɨɧɟɱɧɨɝɨ ɭɞɚɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ,
ɤɨɬɨɪɨɟ ɩɪɢ ɫɥɚɛɨɦ ɢɫɬɨɱɧɢɤɟ ɦɨɠɟɬ ɛɵɬɶ ɦɚɥɵɦ – ɩɨɪɹɞɤɚ ɬɨɥɳɢɧɵ ɫɥɨɹ.
ɉɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɬɚɰɢɨɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨ, ɨɛ-
ɥɚɫɬɢ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɬɟɱɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ
ɤɨɥɶɰɚɦɢ ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ (ɜ ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɷɬɨ ɚɧɚɥɨɝɢɱɧɨ ɝɢɞɪɚɜɥɢ-
ɱɟɫɤɨɦɭ ɫɤɚɱɤɭ [55]). Ʉɪɨɦɟ ɬɨɝɨ, ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ
ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ, ɟɟ ɜɵɧɨɫ ɢɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɨɧɜɟɤɬɢɜɧɵɦ ɨɛɪɚɡɨɦ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɞɥɹ
ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɜɨɡɦɨɠɧɵ ɞɜɚ ɬɢɩɚ ɪɟɠɢɦɨɜ: ɫ ɩɪɟɢɦɭɳɟɫɬ-
ɜɟɧɧɨ ɤɨɧɜɟɤɬɢɜɧɵɦ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɯɚɧɢɡɦɚɦɢ ɜɵɧɨɫɚ
ɬɟɩɥɚ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɟɠɞɭ ɷɬɢɦɢ ɪɟɠɢɦɚɦɢ
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ɫ ɪɚɡɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɜɵɧɨɫɚ ɬɟɩɥɚ ɜɨɡɦɨɠɧɚ ɦɭɥɶɬɢɫɬɚɛɢɥɶɧɨɫɬɶ. Ɋɟɡɭɥɶɬɚ-
ɬɵ ɞɚɧɧɨɣ ɱɚɫɬɢ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɟ [97]. 
2.1. ɋɬɚɰɢɨɧɚɪɧɵɟ ɤɨɧɜɟɤɬɢɜɧɵɟ ɬɟɱɟɧɢɹ ɜ ɬɨɧɤɨɦ ɫɥɨɟ
Ⱦɥɢɧɧɨɜɨɥɧɨɜɚɹ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜɫɸɞɭ, ɤɪɨɦɟ ɨɤɪɟ-
ɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ, ɨɩɢɫɵɜɚɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ (1.12),(1.13), ɩɨɥɭ-
ɱɟɧɧɵɦɢ ɜ ɧɚɱɚɥɟ ɝɥɚɜɵ 1. Ɉɞɧɚɤɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟɥɢɧɟɣɧɵɯ ɪɟɠɢɦɨɜ
ɤɨɧɜɟɤɰɢɢ ɭɞɨɛɧɟɟ ɩɟɪɟɩɢɫɚɬɶ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:
( )( )6 div
5
P P P+ + +   ¸ = % % , (2.1) 
( )( )2 1 26 div5P F P P A A PT T + ++    = % + %  , (2.2) 
ɝɞɟ 2b ST = , ( )
( )
2 3
21 112 1
Ra b NbF N
S Sb S b
  ¯ ¬­¡ °=   +­ ­¡ °   ®¢ ±
,     
( )( )1 21 112
Ra SA S N F
b
  ¯= +  +¡ °
¡ °¢ ±
ɢ ( )2 2112
Ra SA S N F
b
  ¯= +  ¡ °
¡ °¢ ±
. ɋɥɟ-
ɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɚ ɩɥɨɫɤɨ-
ɫɬɢ, ɬ.ɟ. ɜɫɟ ɨɩɟɪɚɰɢɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɥɢɲɶ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ.
Ɍɚɤɠɟ ɛɭɞɭɬ ɩɨɥɟɡɧɵ ɬɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɵ, ɱɬɨ ɩɪɢ
( )11 12Ra S Rc> + +  (2.3) 
ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ, 1 2 0A A+ < ɜ ɫɢɫɬɟɦɟ ɜɨɡɧɢɤɚɟɬ ɦɨɧɨɬɨɧɧɚɹ ɥɢɧɟɣɧɚɹ
ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ, ɤɨɝɞɚ ɪɟɱɶ
ɛɭɞɟɬ ɢɞɬɢ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɛɭɞɟɬ ɩɨɞɪɚ-
ɡɭɦɟɜɚɬɶɫɹ ɨɬɫɭɬɫɬɜɢɟ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɢ ɩɪɢɦɟɫɢ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɷɬɨ
ɫɨɫɬɨɹɧɢɟ ɩɪɨɫɬɨ ɧɟ ɫɭɳɟɫɬɜɭɟɬ), ɚ ɩɪɢ
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( )112 12 1 12Rc S Ra S Rc+ + < < + +  (2.4) 
– ɤɨɥɟɛɚɬɟɥɶɧɚɹ.
ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (2.1)–(2.2) ɢɦɟɟɬ ɞɢɜɟɪɝɟɧɬɧɵɣ ɜɢɞ ɢ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ
ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɤɪɚɬɧɨ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɧɚ:
( ) 1
6
5
P P P k+ +  +   ¸ = 
G
, (2.5) 
( )21 2 2
6
5
A A P P P k+ +  +   = 
G
, (2.6) 
ɝɞɟ 1 Tk q=
G G
 – ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ,
[ ]2 1 212 ( 1)
CRaNS q
k k
b b S b
H= 
 
GG G
,
( )2
1
12 1
S Ra NbF N
b b S b
H
  ¯ ¬­¡ °­= +  + ­¡ ° ­   ®¡ °¢ ±
,
Cq
G
 – ɩɨɬɨɤ ɩɪɢɦɟɫɢ; ɩɪɢɱɟɦ div 0ik =
G
. ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟ-
ɠɞɭ ik
G
ɢ ɪɟɚɥɶɧɵɦɢ ɩɨɬɨɤɚɦɢ ɬɟɩɥɚ Tq
G
ɢ ɩɪɢɦɟɫɢ Cq
G
ɜ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɟ ɜɨɫ-
ɫɬɚɧɨɜɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯ ɮɚɤɬɨɜ, ɱɬɨ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɭɱɚɟ
1divk+ = 
G   (ɫɪ. (2.1)), 2divP F kT T ++ = 
G    (ɫɪ. (2.2)), ɢ ɛɵɥɨ ɜɵɩɨɥɧɟ-
ɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (1.6). 
ɋɬɚɰɢɨɧɚɪɧɵɟ ɪɟɲɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɥɨɤɚɥɢɡɨɜɚɧɧɨɦɭ ɢɫɬɨɱɧɢɤɭ
ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ, ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɨɝɨ ɤɨɧɟɱɧɨɝɨ, ɧɨ ɦɚ-
ɥɨɝɨ ɭɞɚɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ, ɝɞɟ ɫɩɪɚɜɟɞɥɢɜɨ ɩɪɢɛɥɢɠɟɧɢɟ ɬɨɧɤɨɝɨ ɫɥɨɹ. ɑɟɦ
ɦɟɧɶɲɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ, ɬɟɦ ɦɟɧɶɲɟ ɨɛɥɚɫɬɶ ɛɨɥɶɲɢɯ ɝɪɚɞɢɟɧɬɨɜ,
ɝɞɟ ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɟɫɩɪɚɜɟɞɥɢɜɨ.
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Ɋɢɫ. 2.1: Ɉɛɥɚɫɬɢ ɪɚɡɥɢɱɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ ɧɚɥɢɱɢɢ ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ. Ɋɟɲɟ-
ɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɨɛɥɚɫɬɹɯ i j4 ,  (ɩɪɢ ɦɚɪɤɢɪɨɜɤɟ ɨɛɥɚɫɬɟɣ ɩɟɪɜɵɣ ɢɧɞɟɤɫ
ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (2.8) ɨɬɧɨɫɢɬɟɥɶɧɨ
'P ɩɪɢ r ld , ɚ ɜɬɨɪɨɣ – ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɧɧɨɫɬɟɣ ''P =d ɭ ɮɨɪɦɚɥɶ-
ɧɵɯ ɪɟɲɟɧɢɣ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ r ), ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 2.2. 
2.2. Ʌɨɤɚɥɢɡɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɪɢɦɟɫɢ
ȼ ɫɥɭɱɚɟ ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ ɞɥɹ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɲɟɧɢɣ
1 0k =
G
,
( )( )2 224 1
C r
r
RaNSQ e kk e
b b S b r rQ
=  w 
 
GG G
, (2.7) 
ɝɞɟ CQ  – ɩɪɢɬɨɤ ɩɪɢɦɟɫɢ ɜ ɫɢɫɬɟɦɭ. Ɍɨɝɞɚ ɫɢɫɬɟɦɚ (2.5) ɩɪɢɧɢɦɚɟɬ ɚɥɝɟɛɪɚɢ-
ɱɟɫɤɢɣ ɜɢɞ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɥɟɣ:
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Ɋɢɫ. 2.2: Ɏɨɪɦɚɥɶɧɵɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (2.8), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɫɬɨɱɧɢɤɭ
ɩɪɢɦɟɫɢ.
( )2
''
1 6/5 '
P
P
+ =
+
, ( )31 2
6' ' '
5
kA AP P
r
+ + + = . (2.8) 
Ɂɞɟɫɶ ɲɬɪɢɯ ɨɡɧɚɱɚɟɬ ɩɪɨɢɡɜɨɞɧɭɸ ɩɨ r .
ɇɚ Ɋɢɫ. 2.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɮɨɪɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (2.8), 
ɫɚɦɢ ɪɟɲɟɧɢɹ ɞɥɹ 0k > ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 2.2. ɏɨɬɹ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟ-
ɧɢɹ r ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɧɟ ɢɦɟɸɬ, ɞɥɹ ɥɭɱɲɟɝɨ ɩɨɧɢɦɚɧɢɹ ɬɨɝɨ, ɤɚɤ ɪɟɲɟ-
ɧɢɹ ɫɢɫɬɟɦɵ (2.8) ɜɟɞɭɬ ɫɟɛɹ ɩɨ ɦɟɪɟ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ,
ɱɬɨ ɷɬɚ ɫɢɫɬɟɦɚ ɢɧɜɚɪɢɚɧɬɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ
( ) ( ), ', ' , ', 'r P r P+ +l    . ɉɨ ɷɬɨɣ ɠɟ ɩɪɢɱɢɧɟ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ ɫɥɭɱɚɸ ɨɬ-
ɪɢɰɚɬɟɥɶɧɵɯ k ɞɨɫɬɚɬɨɱɧɨ ɩɨɦɟɧɹɬɶ ɡɧɚɤ ɜɫɟɯ ɫɤɚɥɹɪɧɵɯ ɩɨɥɟɣ.
ȼɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɨɛɥɚɫɬɢ 1,14 ɡɚɞɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ
1 2 0A A+ = ,
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ɝɪɚɧɢɰɚ 0,24 ɢ 2,24  –
( )21 2 21 4, 1A A A=  < ,
ɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ ɡɚɞɚɜɚɟɦɚɹ ɤɪɢɜɚɹ
( )2 22 6 9 24/ 3A a a=     ,
( ) ( )4 2 41 26 1 1A a a a A= + + 
ɩɪɢ 3a < ɞɚɟɬ ɝɪɚɧɢɰɭ ɨɛɥɚɫɬɟɣ 0,04 ɢ 0,24 , ɚ ɩɪɢ 3a >  – 1,14 ɢ 1,34 .
Ⱥɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɷɬɨɣ ɤɪɢɜɨɣ ɩɪɢ ɛɨɥɶɲɢɯ iA ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ
Ɋɢɫ. 2.1. 
ɉɪɢɦɟɱɚɬɟɥɶɧɨ ɬɚɤɠɟ, ɱɬɨ ɜɛɥɢɡɢ ɢɫɬɨɱɧɢɤɚ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɭɞɚɥɟɧɢɟ ɨɬ
ɢɫɬɨɱɧɢɤɚ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ, ɱɬɨɛɵ ɧɟ ɛɵɥɚ ɫɭɳɟɫɬɜɟɧɧɚ ɝɟɨɦɟɬ-
ɪɢɹ ɢɫɬɨɱɧɢɤɚ, ɢ ɛɵɥɨ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ)
2 1 4
3 3 3
0
3 5
4 6
k r+ +
 ¬­x + ­ ® ,
1 1 2
3 3 3
0
3 5
2 6
P P k r ¬­x + ­ ® ,
ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɜɟɤɬɢɜɧɨɦɭ ɜɵɧɨɫɭ ɩɪɢɦɟɫɢ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ (ɜ
ɭɪɚɜɧɟɧɢɢ ɩɟɪɟɧɨɫɚ (2.2) ɧɟɥɢɧɟɣɧɨɟ ɫɥɚɝɚɟɦɨɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɤɨɧɜɟɤɬɢɜɧɨɣ
ɩɪɨɢɡɜɨɞɧɨɣ, ɞɨɦɢɧɢɪɭɟɬ ɧɚɞ ɞɢɮɮɭɡɢɨɧɧɵɦ ɥɢɧɟɣɧɵɦ ɫɥɚɝɚɟɦɵɦ). ɇɚ ɛɟɫ-
ɤɨɧɟɱɧɨɫɬɢ, ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɭɫɬɨɣɱɢɜɨ,
ɩɪɨɢɡɜɨɞɧɵɟ ɩɨɥɟɣ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɵ ɧɭɥɸ. Ʉɨɧɤɪɟɬɧɨ,
1 2
lnk rP
A A
+x x
+
.
ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɧɟɨɞɧɨɡɧɚɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ( )'P r ɤɨɪ-
ɪɟɤɬɧɵɟ ɚɫɢɦɩɬɨɬɵ ɩɨɥɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɩɪɢ 0r l ɢ r ld ɩɪɢ-
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ɧɚɞɥɟɠɚɬ ɪɚɡɧɵɦ ɜɟɬɤɚɦ ɮɨɪɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (2.8), ɬ.ɟ. ɦɟɠɞɭ ɷɬɢɦɢ
ɜɟɬɤɚɦɢ ɞɨɥɠɟɧ ɛɵɬɶ ɫɤɚɱɤɨɨɛɪɚɡɧɵɣ ɩɟɪɟɯɨɞ (ɫɤɚɱɨɤ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɥɢɧɧɨ-
ɜɨɥɧɨɜɨɣ ɬɟɨɪɢɢ, ɢɫɩɵɬɵɜɚɸɬ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨɥɟɣ, ɧɨ ɧɟ ɫɚɦɢ ɩɨɥɹ), ɞɥɹ ɤɨɬɨ-
ɪɨɝɨ ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɟ ɫɩɪɚɜɟɞɥɢɜɨ. ȿɫɥɢ ɫɬɚɰɢɨɧɚɪɧɨɟ ɢɫɬɨɱ-
ɧɢɤɨɜɨɟ ɬɟɱɟɧɢɟ ɩɪɢ ɷɬɨɦ ɭɫɬɨɣɱɢɜɨ, ɢɦɟɟɬ ɫɦɵɫɥ ɨɠɢɞɚɬɶ, ɱɬɨ ɩɟɪɟɯɨɞɧɵɟ
ɬɟɱɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɪɵɜɨɦ, ɡɚɬɭɯɚɸɬ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɧɟɝɨ ɢ ɨɤɚɡɵɜɚ-
ɸɬɫɹ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɭɡɤɨɣ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɨɛ-
ɥɚɫɬɢ.
ɉɨɥɭɱɢɜɲɢɣɫɹ ɪɚɡɪɵɜ ɫɜɹɡɚɧ ɫ ɩɟɪɟɯɨɞɨɦ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɪɟɠɢɦɚɦɢ
ɩɟɪɟɧɨɫɚ: ɩɪɢ ɦɚɥɵɯ ɝɪɚɞɢɟɧɬɚɯ ɩɨɥɟɣ ɜ ɭɪɚɜɧɟɧɢɹɯ (2.5), (2.6) ɞɨɦɢɧɢɪɭɸɬ
ɥɢɧɟɣɧɵɟ ɫɥɚɝɚɟɦɵɟ, ɨɩɢɫɵɜɚɸɳɢɟ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɟɪɟɧɨɫ ɩɪɢɦɟɫɢ ɢ ɬɟɩɥɚ, ɚ
ɩɪɢ ɛɨɥɶɲɢɯ – ɧɟɥɢɧɟɣɧɵɟ, ɨɩɢɫɵɜɚɸɳɢɟ ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ. Ɂɚɫɥɭɠɢɜɚɟɬ
ɭɩɨɦɢɧɚɧɢɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɷɬɨɬ ɪɚɡɪɵɜ ɧɟ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɜ ɫɜɨɟɦ ɪɨɞɟ: ɜ
ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɲɢɪɨɤɨ ɢɡɜɟɫɬɟɧ ɞɪɭɝɨɣ ɩɪɢɦɟɪ – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɫɤɚɱɨɤ ɜ ɪɚ-
ɞɢɚɥɶɧɨ ɪɚɫɬɟɤɚɸɳɟɦɫɹ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ ɨɬ ɩɚɞɚɸɳɟɣ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɫɬɪɭɢ (ɫɦ., ɧɚɩɪɢɦɟɪ, [55]). 
ȼɨɩɪɨɫ ɨ ɬɨɱɧɨɦ ɩɨɥɨɠɟɧɢɢ "ɤɨɥɟɰ" ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ (ɨɱɟɜɢɞɧɨ, ɱɬɨ
ɨɧɢ ɥɟɠɚɬ ɝɞɟ-ɬɨ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ ɮɨɪɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɧɟɨɞɧɨɡɧɚɱɧɨ) ɬɪɟɛɭɟɬ
ɜɵɯɨɞɚ ɡɚ ɩɪɟɞɟɥɵ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɝɨ ɱɢɫɥɟɧ-
ɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɜɵɯɨɞɢɬ ɡɚ ɪɚɦɤɢ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ. Ɇɨɠɧɨ, ɨɞɧɚɤɨ, ɨɬɦɟɬɢɬɶ,
ɱɬɨ ɜɧɭɬɪɟɧɧɢɣ ɢ ɜɧɟɲɧɢɣ ɪɚɞɢɭɫɵ ɝɪɚɧɢɰɵ ɨɛɥɚɫɬɢ, ɝɞɟ ɷɬɨ ɤɨɥɶɰɨ ɦɨɠɟɬ
ɪɚɫɩɨɥɚɝɚɬɶɫɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɧɤɪɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ /k r  (ɫɦ. (2.8)), ɬ.ɟ. ɩɪɹ-
ɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ.
ɋɬɪɨɝɢɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜɵɯ ɪɟɲɟɧɢɣ ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɦɟ-
ɫɢ ɬɚɤɠɟ ɨɫɬɚɟɬɫɹ ɡɚ ɪɚɦɤɚɦɢ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɨɞɧɚɤɨ ɦɨɠɧɨ ɫ ɭɜɟɪɟɧɧɨɫɬɶɸ
ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ, ɝɞɟ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨ-
ɜɟɫɢɹ ɧɟɭɫɬɨɣɱɢɜɨ, ɧɟɭɫɬɨɣɱɢɜɵ ɛɭɞɭɬ ɢ ɢɫɬɨɱɧɢɤɨɜɵɟ ɪɟɲɟɧɢɹ (ɜɞɚɥɢ ɨɬ ɢɫ-
ɬɨɱɧɢɤɚ ɛɭɞɭɬ ɜɨɡɛɭɠɞɚɬɶɫɹ ɤɨɧɜɟɤɬɢɜɧɵɟ ɬɟɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɪɨɧɢɤɚɬɶ ɜ
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ɨɛɥɚɫɬɶ, ɛɥɢɡɤɭɸ ɤ ɢɫɬɨɱɧɢɤɭ). Ɉɛɪɚɬɧɨɟ ɠɟ ɭɬɜɟɪɠɞɟɧɢɟ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɧɟ
ɨɛɹɡɚɬɟɥɶɧɨ ɫɩɪɚɜɟɞɥɢɜɨ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ
ɪɚɜɧɨɜɟɫɢɹ ɦɨɝɭɬ ɧɚɪɚɫɬɚɬɶ ɜɨɡɦɭɳɟɧɢɹ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɜɛɥɢɡɢ ɢɫɬɨɱɧɢɤɚ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɞɚ-
ɟɬ ɥɢɲɶ ɜɧɟɲɧɟɟ ɨɝɪɚɧɢɱɟɧɢɟ ɞɥɹ ɨɛɥɚɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜɵɯ ɪɟɲɟ-
ɧɢɣ.
0 2 4 6 8 10 12 14 16S
1
2
3
4
5
b
A2
A1
60,0
60,262,2
A2
A1
60,0
60,262,2
A2
A1
60,0
60,262,2
Ɋɢɫ. 2.3: Ɂɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟ-
ɫɢɹ ɨɬ ɩɚɪɚɦɟɬɪɨɜ b ɢ S .
ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɜɵɪɚɠɟɧɢɣ ɞɥɹ iA ɫ ɜɵɪɚɠɟɧɢɹɦɢ ɞɥɹ ɝɪɚɧɢɰ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ (2.3) ɢ (2.4), ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɜɨɤɭɩ-
ɧɨɫɬɶ ɨɛɥɚɫɬɟɣ 1,i4 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɥɚɫɬɢ ɥɢɧɟɣɧɨɣ ɦɨɧɨɬɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨ-
ɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. Ʉɨɥɟɛɚɬɟɥɶɧɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚ-
ɛɥɸɞɚɟɬɫɹ ɜ ɨɛɥɚɫɬɢ, ɨɝɪɚɧɢɱɟɧɧɨɣ ɞɜɭɦɹ ɥɭɱɚɦɢ:
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( ) ( )( )
( ) ( ) ( )( )
3 2
2 1 2
5 2 2 3
1
1 1 .
A A b S b b S b A
b S b b S S S b


 < < +   +
+ +    
 (2.9) 
ɉɪɢ 1b =  (ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɤɟɥɟɬɚ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ ɩɨ
ɫɪɚɜɧɟɧɢɸ ɫ ɬɚɤɨɜɨɣ ɞɥɹ ɠɢɞɤɨɫɬɢ, ɟɟ ɧɚɫɵɳɚɸɳɟɣ) ɮɨɪɦɭɥɚ (2.9) ɩɪɢɧɢɦɚɟɬ
ɜɢɞ ( )( )2 1 21A A S A S < < + + ; ɢ ɞɚɟɬ ɨɛɥɚɫɬɶ, ɤɨɬɨɪɚɹ ɩɪɢɧɚɞɥɟɠɢɬ
2,24 ɢ ɤɚɫɚɟɬɫɹ ɨɛɥɚɫɬɢ 0,24 ɜ ɬɨɱɤɟ 2 2 1A S=   , ( )
2
1 1A S= +  (ɫɦ.
Ɋɢɫ. 2.3). ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɩ-
ɥɨɟɦɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜɩɥɨɬɶ ɞɨ ( )/ 1b S S=   (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ ɧɚ Ɋɢɫ. 2.3) 
ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɨɛɥɚɫɬɢ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɞɜɢɝɚɟɬɫɹ ɜɝɥɭɛɶ ɨɛɥɚɫɬɢ 2,24 . ɉɪɢ ɷɬɨɦ ɭɫɬɨɣɱɢɜɵɦɢ ɦɨɝɭɬ
ɛɵɬɶ ɪɟɠɢɦɵ, ɜ ɨɛɥɚɫɬɢ 0,04 , 0,24 ɢ ɱɚɫɬɢ ɨɛɥɚɫɬɢ 2,24 , ɥɟɠɚɳɟɣ ɜɧɟ (2.9); ɜ
ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɨɛɥɚɫɬɹɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɢɫɤɥɸɱɟɧɵ ɭɫɬɨɣɱɢɜɵɟ ɢɫɬɨɱɧɢɤɨɜɵɟ
ɬɟɱɟɧɢɹ ɫ ɤɨɥɶɰɚɦɢ ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ.
ɉɪɢ ( )/ 1b S S=  ɨɛɥɚɫɬɶ (2.9) ɢɫɱɟɡɚɟɬ ɢ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ
ɪɚɜɧɨɜɟɫɢɹ ɜ 0,04 , 0,24 , ɢ 2,24 ɭɫɬɨɣɱɢɜɨ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ b
(b S S> /( 1)) ɨɛɥɚɫɬɶ (2.9) ɫɧɨɜɚ ɜɨɡɧɢɤɚɟɬ, ɧɨ ɭɠɟ ɤɚɤ ɱɚɫɬɶ ɨɛɥɚɫɬɢ 0,04
ɢ ɪɚɫɬɟɬ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ b . Ɍɟɩɟɪɶ ɨɛɥɚɫɬɶ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɥɢɛɨ ɰɟɥɢɤɨɦ ɥɟɠɢɬ ɜ ɨɛɥɚɫɬɢ 0,04 , ɥɢɛɨ
ɩɟɪɟɫɟɤɚɟɬɫɹ ɫ 0,24 ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ 2A . ɍɫɥɨɜɢɟ ɷɬɨɝɨ ɩɟ-
ɪɟɫɟɱɟɧɢɹ ɜɵɪɚɠɚɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɨɦ
( )1 1 9 1
1 2 4
bS b b
b
 ¬­> + +  ­ ­ ­  ®
(ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ ɧɚ Ɋɢɫ. 2.3) ɢ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɬɨɝɨ, ɱɬɨ ɜ ɱɚɫɬɢ ɨɛɥɚɫɬɢ
0,24 ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɬɚɧɨɜɢɬɶɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ.
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1
2
14
4
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5
8
11
10
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12
13
B
D
C
FE B1
D1
D3 D2D4
D5
E1
E2
Ɋɢɫ. 2.4: Ⱦɢɚɝɪɚɦɦɚ ɮɨɪɦɚɥɶɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ ɧɚɥɢɱɢɢ ɢɫɬɨɱɧɢɤɚ
ɬɟɩɥɚ ɢ 1H > . ɋɚɦɢ ɪɟɲɟɧɢɹ, ɩɨɦɟɱɟɧɧɵɟ ɰɢɮɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 2.7. 
2.3. Ʌɨɤɚɥɢɡɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ
ȼ ɫɥɭɱɚɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɞɥɹ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɲɟɧɢɣ
1 2
T
r
Qk e
rQ
=
G G
, 2 2
T
r
Qk e
r
H
Q
=
G G
. (2.10)  
Ɍɨɝɞɚ
( )2
5' '
25 6 '
TQP
rP
+
Q
 ¬­=  ­ ­ ®+
, ( )31 2
6' ' '
5 2
TQA AP P
r
H+
Q
+ + =  . (2.11) 
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Ɋɢɫ. 2.5: Ⱦɢɚɝɪɚɦɦɚ ɮɨɪɦɚɥɶɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ ɧɚɥɢɱɢɢ ɢɫɬɨɱɧɢɤɚ
ɬɟɩɥɚ ɢ 0 1H< < . ɋɚɦɢ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 2.7. 
ȼɧɨɜɶ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟ-
ɧɢɣ. Ⱦɢɚɝɪɚɦɦɵ ɮɨɪɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ Ɋɢɫ. 2.4–
2.6. Ɋɟɲɟɧɢɹ ɧɚ Ɋɢɫ. 2.7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ TQ . Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ
ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ, ɜ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɫɢɦɦɟɬɪɢɹ ( ), ', 'r P+ l
( ), ', 'r P+   , ɢ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ ɫɥɭɱɚɸ ɨɬɪɢɰɚɬɟɥɶɧɵɯ TQ  (ɬ.ɟ. ɫɥɭɱɚɹ ɨɬɬɨ-
ɤɚ ɬɟɩɥɚ) ɞɨɫɬɚɬɨɱɧɨ ɩɨɦɟɧɹɬɶ ɡɧɚɤ ɜɫɟɯ ɫɤɚɥɹɪɧɵɯ ɩɨɥɟɣ.
Ƚɪɚɧɢɰɵ ɨɛɥɚɫɬɟɣ ɧɚ ɞɢɚɝɪɚɦɦɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ Ɋɢɫ. 2.4–2.6., ɨɩɢ-
ɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ:
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Ɋɢɫ. 2.6: Ⱦɢɚɝɪɚɦɦɚ ɮɨɪɦɚɥɶɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ ɧɚɥɢɱɢɢ ɢɫɬɨɱɧɢɤɚ
ɬɟɩɥɚ ɢ 0H < . ɋɚɦɢ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 2.7. Ɋɟɠɢɦɵ, ɦɚɪɤɢɪɨɜɚɧ-
ɧɵɟ ɰɢɮɪɨɣ ɫɨ ɲɬɪɢɯɨɦ, ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɟɠɢɦɨɜ, ɦɚɪɤɢɪɨɜɚɧɧɵɯ ɬɨɣ ɠɟ ɰɢɮ-
ɪɨɣ, ɧɨ ɛɟɡ ɲɬɪɢɯɚ, ɡɧɚɤɨɦ ɪɟɲɟɧɢɣ.
– ɩɪɹɦɚɹ BD: 1 2 0A A+ = ;
– ɩɪɹɦɚɹ 1DD : 1A H= ;
– ɤɪɢɜɚɹ 3BD : ( )
2
1 2 1 /4A A=  , 2 1A < ;
– ɥɭɱ 4DD :     ( )1 21A AH H=   , 2A H< ;
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Ɋɢɫ. 2.7: Ɏɨɪɦɚɥɶɧɵɟ ɫɬɚɰɢɨɧɚɪɧɵɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (2.11), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ
ɢɫɬɨɱɧɢɤɭ ɬɟɩɥɚ.
– ɩɚɪɚ ɤɪɢɜɵɯ 1BB ɢ 1 2E EE ɢ ɤɪɢɜɵɟ 5DFD ɢ 2DD ɧɚ Ɋɢɫ. 2.4 ɤɚɤ ɢ ɩɚɪɚ
ɤɪɢɜɵɯ 1DB ɢ 1 2E EE ɢ ɤɪɢɜɚɹ 2BD ɧɚ Ɋɢɫ. 2.5,2.6 ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ
ɜɟɬɤɚɦɢ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ
( ) ( )1 2 1 42 1 2 1 2 13 2 3 1 2 6 5 9 0A A A A a A A aH H +   + + +  + = ,
( )( ) ( )1 4 1 61 2 1 2 11 6 5 6 0A A A a A A aH H +   +   = ,
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ɝɞɟ a ɩɚɪɚɦɟɬɪɢɡɭɟɬ ɷɬɢ ɪɟɲɟɧɢɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɩɪɹɦɚɹ
( )1 21A AH H=   , 2A H< ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɩɨɫɥɟɞɧɟɣ ɫɢɫɬɟ-
ɦɵ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɞɥɹ ɷɬɢɯ ɤɪɢ-
ɜɵɯ ɩɪɢ ɛɨɥɶɲɢɯ iA :
1BB , 1DB ɢ 2EE : 1
8
9
A Hx ;
1EE : 21 25
AA Hx ;
2DD ɢ 2BD :
2
2
1
9
20
AA x ;
5FD : ( )1 2 1A AH H Hx   .
Ɇɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɨɱɤɢ B ɢ D ɢɦɟɸɬ ɤɨɨɪɞɢɧɚɬɵ ( )1; 1 ɢ
( );H H , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.
ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɢɯ ɫɥɭɱɚɟɜ, ɬɟɩɥɨ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ ɦɨ-
ɠɟɬ ɜɵɧɨɫɢɬɶɫɹ ɤɚɤ ɤɨɧɜɟɤɬɢɜɧɵɦ ɨɛɪɚɡɨɦ:
1
3 2
3
0 2
3 5
2 12
TQ r+ +
Q H
 ¬­ ­x  ­ ­ ­ ®
,
1
2
3
3
0
3 5
2 12
TQP P rH
Q
 ¬­x  ­ ­ ®
– ɬɚɤ ɢ ɞɢɮɮɭɡɢɨɧɧɨ (ɪɟɲɟɧɢɹ ɫ ( )1 10lim ' 5 1 /6r P AH

l
= ±  ):
1
ln
2
TQ r
A
H+
Q
x , 10
5 1
6
AP P r
H
 ¬­x ±  ­ ­­ ®
.
ɉɪɢɱɟɦ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɞɢɚɝɪɚɦɦ, ɜɨɡɦɨɠɧɚ ɦɭɥɶɬɢɫɬɚɛɢɥɶɧɨɫɬɶ ɦɟɠɞɭ
ɪɟɠɢɦɚɦɢ ɫ ɷɬɢɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɜɵɧɨɫɚ ɬɟɩɥɚ. ɇɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɜ ɫɥɭɱɚɟ, ɟɫ-
- 72 -
ɥɢ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɭɫɬɨɣɱɢɜɨ, ɩɪɨɢɡɜɨɞɧɵɟ ɩɨɥɟɣ ɞɨɥɠ-
ɧɵ ɛɵɬɶ ɪɚɜɧɵ ɧɭɥɸ:
( )
( )
2
1 2
ln
2
TQ A r
A A
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Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɭɱɚɸ, ɩɪɢ 1 2A A< ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɨɧɨɬɨɧɧɨ ɧɟɭɫɬɨɣɱɢɜɨ. ȼ ɨɛɳɢɯ ɱɟɪɬɚɯ ɦɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɩɪɢ b S S= /( 1) ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɭɫɬɨɣɱɢɜɨ
ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ 1 2 0A A+ > , ɩɪɢ b S S< /( 1) – ɜ ɩɪɚɜɨɣ ɟɟ ɱɚɫɬɢ, ɚ ɩɪɢ
b S S> /( 1) - ɜ ɜɟɪɯɧɟɣ. Ȼɨɥɟɟ ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ
ɨɛɥɚɫɬɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ ɝɪɚɧɢɰ ɨɛɥɚɫ-
ɬɟɣ, ɝɞɟ ɧɚɛɥɸɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɬɟ-
ɱɟɧɢɹ, ɞɥɹ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɱɪɟɡɜɵɱɚɣɧɨ ɝɪɨɦɨɡɞɨɤ ɢ ɨɫɬɚɟɬɫɹ ɡɚ ɪɚɦɤɚɦɢ ɧɚ-
ɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ, ɝɞɟ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ
ɪɚɜɧɨɜɟɫɢɹ ɛɟɡ ɢɫɬɨɱɧɢɤɨɜ ɭɫɬɨɣɱɢɜɨ ɢ ɚɫɢɦɩɬɨɬɵ ɞɥɹ 0r l ɢ r ld ɩɪɢ-
ɧɚɞɥɟɠɚɬ ɪɚɡɧɵɦ ɜɟɬɤɚɦ ɪɟɲɟɧɢɣ, ɨɛɥɚɫɬɶ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɬɟɱɟɧɢɹ ɜɛɥɢɡɢ
ɢɫɬɨɱɧɢɤɚ ɨɬɞɟɥɟɧɚ ɨɬ ɨɛɥɚɫɬɢ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɬɟɱɟɧɢɹ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ
ɤɨɥɶɰɨɦ (ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ) ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ.
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Ƚɥɚɜɚ 3: Ʌɨɤɚɥɢɡɚɰɢɹ ɬɟɱɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ
ɫɥɨɟ ɩɪɢ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ
ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɭɯɦɟɪɧɚɹ ɬɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɠɢɞɤɨ-
ɫɬɢ ɜ ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɫɨ ɫɥɭɱɚɣɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨ-
ɫɬɶɸ ɧɚɝɪɟɜɚ, ɨɛɟɫɩɟɱɢɜɚɟɦɨɣ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɩɨɬɨɤɨɦ ɬɟɩɥɚ ɩɨɩɟɪɟɤ ɫɥɨɹ.
ɍɪɚɜɧɟɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɨɧɤɨɦɭ ɫɥɨɸ,
ɜɵɜɨɞɹɬɫɹ ɞɥɹ ɫɥɨɹ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɨɞɧɚɤɨ ɞɥɹ ɞɜɭɯɦɟɪɧɵɯ ɬɟɱɟɧɢɣ ɨɧɢ ɫɨɜ-
ɩɚɞɚɸɬ ɫ ɭɪɚɜɧɟɧɢɹɦɢ ɤɨɧɜɟɤɰɢɢ ɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ [36].  
ȼɩɟɪɜɵɟ ɥɨɤɚɥɢɡɚɰɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɫɥɭɱɚɣɧɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ
ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɜ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɝɞɟ ɷɬɨ ɹɜɥɟɧɢɟ ɮɢɝɭɪɢɪɭ-
ɟɬ ɩɨɞ ɧɚɡɜɚɧɢɟɦ "ɥɨɤɚɥɢɡɚɰɢɹ Ⱥɧɞɟɪɫɨɧɚ" [56]. ɋɥɭɱɚɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɧɢɠɟ
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢɦɟɱɚɬɟɥɟɧ, ɩɨɦɢɦɨ ɩɪɨɱɟɝɨ, ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ
ɨɬɥɢɱɢɟɦ ɜ ɮɢɡɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɷɮɮɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ
ɫ ɮɨɪɦɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɭɪɚɜɧɟɧɢɣ, ɜ ɞɚɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɡɚɞɚɱɟ ɢ ɥɢɧɟɣɧɨɦ ɭɪɚɜɧɟɧɢɢ ɒɪɟɞɢɧɝɟɪɚ. ȼ ɭɪɚɜɧɟɧɢɢ ɒɪɟɞɢɧɝɟɪɚ ɪɚɡ-
ɥɢɱɧɵɟ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɪɟɲɟɧɢɹ ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɜɹɡɚɧɧɵɦ ɫɨɫɬɨɹɧɢɹɦ ɱɚɫɬɢɰ ɜ ɫɥɭ-
ɱɚɣɧɨɦ ɩɨɬɟɧɰɢɚɥɟ, ɬɨɝɞɚ ɤɚɤ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɜɫɟ ɬɚɤɢɟ ɦɨɞɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ
ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɧɟɥɢɧɟɣɧɨɫɬɶ ɢ ɜɦɟɫɬɟ ɮɨɪɦɢɪɭɸɬ ɧɟɤɨɬɨɪɨɟ ɫɬɚɰɢɨɧɚɪɧɨɟ
ɬɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɢ ɛɨɥɶɲɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ
ɦɨɞ ɦɨɠɟɬ ɢɦɟɬɶ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɭɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɛɥɸɞɚɬɶ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɬɟɱɟɧɢɹ ɜ
ɞɚɧɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ (ɟɫɥɢ ɨɧɢ ɢɦɟɸɬ ɦɟɫɬɨ ɜ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ
ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɟ), ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɨɡɛɭɠɞɚɟɦɵɯ ɦɨɞ ɞɨɥɠɧɚ
ɛɵɬɶ ɧɟɜɟɥɢɤɚ. Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɨɬɪɢɰɚ-
ɬɟɥɶɧɨɦ ɫɪɟɞɧɟɦ ɨɬɤɥɨɧɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ
ɫɥɭɱɚɹ ɨɞɧɨɪɨɞɧɨɝɨ ɧɚɝɪɟɜɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɦɨɞɟɥɢɪɭɟ-
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ɦɨɣ ɛɟɥɵɦ ɝɚɭɫɫɨɜɫɤɢɦ ɲɭɦɨɦ, ɜ ɫɢɫɬɟɦɟ ɜɨɡɦɨɠɧɵ ɥɨɤɚɥɶɧɵɟ ɩɪɟɜɵɲɟɧɢɹ
ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɢɜɨɞɹɳɢɟ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬɫɹ, ɤ ɜɨɡ-
ɛɭɠɞɟɧɢɸ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɬɟɱɟɧɢɣ, ɢɡɭɱɟɧɢɸ ɤɨɬɨɪɵɯ ɢ ɩɨɫɜɹɳɟɧɚ ɞɚɧɧɚɹ
ɝɥɚɜɚ.
Ʉɨɧɤɪɟɬɧɨ, ɢɫɫɥɟɞɭɸɬɫɹ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɧɟɥɢɧɟɣɧɵɯ ɬɟɱɟɧɢɣ ɢ
ɜɥɢɹɧɢɟ ɧɚ ɧɢɯ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɉɛɧɚ-
ɪɭɠɟɧɨ, ɱɬɨ ɩɪɨɤɚɱɢɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɥɨɤɚɥɢɡɚɰɢɢ ɧɟ ɬɨɥɶɤɨ ɬɟɱɟɧɢɣ, ɧɨ ɢ
ɜɨɡɦɭɳɟɧɢɣ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɜ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɤɚɱɢɜɚɧɢɹ ɥɨɤɚɥɢɡɨɜɚɧɨ ɬɟɱɟ-
ɧɢɟ, ɧɨ ɧɟ ɜɨɡɦɭɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ). ȼɵɱɢɫɥɹɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ ɥɨɤɚɥɢɡɚɰɢɢ H
ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨ ɩɨɬɨɤɭ ɩɪɨɤɚɱɢɜɚɧɢɹ ɢ ɩɪɨɬɢɜ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɧɚɯɨɞɢɬɫɹ ɩɨ-
ɤɚɡɚɬɟɥɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɨɫɬɚ N ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭ-
ɦɚ ɡɧɚɱɟɧɢɣ ɩɨɥɟɣ, ɞɚɸɳɢɣ ɨɰɟɧɤɭ ɩɨɤɚɡɚɬɟɥɟɣ ɥɨɤɚɥɢɡɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɯ
ɱɢɫɥɟɧɧɨ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɫɤɚɡɚɧɢɹɦɢ ɬɟɨɪɢɢ, ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ
ɩɨɥɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɜɵɹɜɥɹɟɬ ɪɚɞɢɤɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɩɪɨɤɚɱɢɜɚɧɢɹ ɧɚ
ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɢɜ ɩɨɬɨɤɚ ɩɪɨɤɚɱɢɜɚɧɢɹ: ɞɥɢɧɚ ɥɨɤɚ-
ɥɢɡɚɰɢɢ ɩɪɢ ɦɚɥɵɯ ɤɨɧɟɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɩɪɨɤɚɱɢɜɚɧɢɹ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɧɚ
ɩɨɪɹɞɨɤ. Ɉɩɢɫɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ [98]. 
ȼ ɫɜɹɡɢ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɥɨɤɚɥɢɡɚɰɢɢ ɫɥɟɞɭɟɬ ɫɞɟɥɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɚɦɟ-
ɱɚɧɢɟ. ɉɨɤɚɡɚɬɟɥɹɦɢ ɥɨɤɚɥɢɡɚɰɢɢ H ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɹɜɥɹɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ Ʌɹ-
ɩɭɧɨɜɚ, ɨɩɢɫɵɜɚɸɳɢɟ ɡɞɟɫɶ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɷɜɨɥɸɰɢɸ ɜɨɡɦɭɳɟɧɢɣ ɫɨɫɬɨɹ-
ɧɢɹ ɫɢɫɬɟɦɵ ɧɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɩɪɢ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ ɢ, ɜ
ɷɬɨɦ ɩɥɚɧɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɫɪɟɞɧɟɧɢɸ ɩɨ ɫɨɫɬɨɹɧɢɹɦ ɫɢɫɬɟɦɵ. ɂɦɟɧɧɨ ɬɚ-
ɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɢɫɵɜɚɸɬ ɥɨɤɚɥɢɡɚɰɢɸ ɬɟɱɟɧɢɣ ɜ ɤɨɧɤɪɟɬɧɨɣ ɝɢɞɪɨɞɢɧɚ-
ɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫ ɡɚɞɚɧɧɵɦ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨɪɨɞɧɵɦ ɧɚɝɪɟɜɨɦ. ȼ ɬɨɠɟ ɜɪɟɦɹ,
ɩɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ N  (ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ H ) ɨɩɢɫɵɜɚɸɬ
ɩɨɜɟɞɟɧɢɟ ɫɪɟɞɧɢɯ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ ɡɧɚɱɟɧɢɣ ɩɨɥɟɣ, ɱɬɨ ɧɟ ɜ ɬɨɱɧɨɫɬɢ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɧɚɛɥɸɞɚɟɦɵɦ ɜ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɟ ɹɜɥɟɧɢɹɦ.
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ɏɨɬɹ ɜ ɬɟɨɪɢɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɲɢɪɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɵ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɨɫɪɟɞɧɟɧɢɟ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ,
ɟɫɬɶ ɞɜɚ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɪɭɝɚ ɡɚɞɚɱ, ɨɬɜɟɱɚɸɳɢɯ ɨɫɪɟɞɧɟɧɢɸ ɩɨ ɫɨɫɬɨɹɧɢɹɦ
ɫɢɫɬɟɦɵ (ɢɥɢ ɜɞɨɥɶ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ) ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ. Ɍɚɤ
ɢɥɢ ɢɧɚɱɟ, ɷɬɢ ɡɚɞɚɱɢ ɫɜɹɡɚɧɵ ɫ ɜɵɱɢɫɥɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ, ɨɩɪɟɞɟ-
ɥɹɟɦɵɯ ɞɥɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɬɚɤɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɨɧɢ ɨɩɢɫɵɜɚɸɬ ɷɜɨɥɸ-
ɰɢɸ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ,
ɬ.ɟ. ɨɩɢɫɵɜɚɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɬɤɥɢɤɚ ɧɟ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɲɭɦɚ, ɚ ɤ ɜɨɡɦɭɳɟɧɢ-
ɹɦ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ɉɟɪɜɵɣ ɤɪɭɝ ɡɚɞɚɱ ɫɜɹɡɚɧ ɫ ɹɜɥɟɧɢɹɦɢ ɥɨɤɚɥɢɡɚɰɢɢ ɜ
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɫɨ ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɩɚɪɚ-
ɦɟɬɪɨɜ – ɡɚɞɚɱɚ ɬɚɤɨɝɨ ɬɢɩɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ. ȼɬɨɪɨɣ ɤɪɭɝ ɡɚɞɚɱ
ɭɩɨɦɹɧɭɬɨɝɨ ɬɢɩɚ ɫɜɹɡɚɧ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɲɭɦɨɦ,
ɢ ɧɟɤɨɬɨɪɵɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɩɨ-
ɫɜɹɳɟɧɚ ɫɥɟɞɭɸɳɚɹ ɝɥɚɜɚ ɞɢɫɫɟɪɬɚɰɢɢ.
3.1. ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ ɜ
ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ɩɪɢ ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɫɧɢɡɭ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. Ƚɪɚɧɢɰɵ ɫɥɨɹ ɩɨɥɚɝɚɸɬɫɹ ɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɞɥɹ
ɠɢɞɤɨɫɬɢ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ – ɮɢɤɫɢɪɨɜɚɧɧɵɦ, ɧɨ ɧɟ ɩɨɫɬɨɹɧɧɵɦ ɜɞɨɥɶ ɫɥɨɹ.
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɵɪɚɜɧɢɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɞɭ ɠɢɞɤɨɫɬɶɸ ɢ ɬɜɟɪɞɵɦ
ɫɤɟɥɟɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ, ɢ ɨɬɞɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɧɢɯ ɧɟ
ɜɜɨɞɢɬɫɹ. ɉɪɢ ɦɚɥɵɯ ɩɟɪɟɩɚɞɚɯ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ
ɠɢɞɤɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɧɢɯ ɥɢɧɟɣɧɨ:
0 0(1 ( ))T TS S C=   ,
ɝɞɟ 0S  – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0T , C  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ
ɪɚɫɲɢɪɟɧɢɹ. ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɩɥɨɫɤɨɫɬɶ ( ),x y ɝɨɪɢɡɨɧ-
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ɬɚɥɶɧɚ, 0z = ɢ z h=  – ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɵ ɫɥɨɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ
ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ Ⱦɚɪɫɢ-Ȼɭɫɫɢɧɟɫɤɚ:
0
10 z
mp v g Te
K
O C
S
=    +G G ,
( )1 divT b vT T
t
Ds + = %
s
G
,
div 0v =G ,
0, : 0, (1 ( , ))z
Tz h v A q x y
z
s= = =  +
s
,
ɝɞɟ v
G
 – ɫɪɟɞɧɹɹ (ɨɫɪɟɞɧɟɧɧɚɹ ɧɚ ɦɚɫɲɬɚɛɚɯ ɩɨɪ) ɫɤɨɪɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɩɨɪɚɯ, O
– ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɦɟɫɢ, m  – ɩɨɪɢɫɬɨɫɬɶ ɫɪɟɞɵ (ɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɚ
ɩɨɪ ɜ ɷɥɟɦɟɧɬɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɤ ɨɛɴɟɦɭ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ), K  – ɤɨɷɮɮɢɰɢɟɧɬ
ɩɪɨɧɢɰɚɟɦɨɫɬɢ, zg g e= 
G G
 – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, b  – ɨɬɧɨɲɟɧɢɟ
ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɤ ɱɚɫɬɢ ɷɬɨɣ ɬɟɩɥɨɟɦ-
ɤɨɫɬɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɠɢɞɤɨɫɬɶ ɜ ɩɨɪɚɯ, 1b > , D  – ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ
ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ, ( , )q x y ɨɩɢɫɵɜɚɟɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ
ɧɚɝɪɟɜɚ.
ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɭɞɨɛɧɨɣ ɟɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ ɞɥɢɧɵ ɹɜɥɹɟɬɫɹ ɬɨɥɳɢɧɚ
ɫɥɨɹ h , ɜɪɟɦɟɧɢ – 2 1h D , ɫɤɨɪɨɫɬɢ – 1h bD , ɬɟɦɩɟɪɚɬɭɪɵ – Ah , ɢ ɞɚɜɥɟɧɢɹ – 
0b m KS OD . ɏɚɪɚɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ Ɋɟɥɟɹ-Ⱦɚɪɫɢ:
2Ah gKRa
mb
C
OD
w .
ɉɪɢ ɬɚɤɨɦ ɜɵɛɨɪɟ ɟɞɢɧɢɰ ɭɪɚɜɧɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɜɢɞ:
0zp v RaTe  + =
G G
, (3.1) 
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( )divT vT T
t
s + = %
s
G
, (3.2) 
0v¸ =G  (3.3) 
ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ:
0, 1z = : 0, 1 ( , )z
Tv q x y
z
s= =  
s
. (3.4) 
Ɂɞɟɫɶ ɧɟ ɫɬɨɢɬ ɩɟɪɟɯɨɞɢɬɶ ɤ ɭɪɚɜɧɟɧɢɹɦ ɞɥɹ ɜɨɡɦɭɳɟɧɢɣ ɧɟɤɨɬɨɪɨɝɨ ɨɫ-
ɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɤɚɤ ɷɬɨ ɞɟɥɚɟɬɫɹ ɩɪɢ ɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ, ɩɨɫɤɨɥɶɤɭ ɢɡ-ɡɚ
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚɝɪɟɜɚ ɫɨɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɧɟɜɨɡ-
ɦɨɠɧɨ.
3.1.1. Ⱦɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ (ɬɨɧɤɢɣ ɫɥɨɣ)
ɉɪɢ ɨɞɧɨɪɨɞɧɨɦ ɜɞɨɥɶ ɫɥɨɹ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ ɤɪɢɬɢɱɟ-
ɫɤɢɦɢ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɹɜɥɹɸɬɫɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ [34]. ȼ ɫɜɹɡɢ ɫ
ɷɬɢɦ ɢɦɟɟɬ ɫɦɵɫɥ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɡɚɞɚɱɭ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɩɨɥɚ-
ɝɚɹ ( , )q x y ɦɟɞɥɟɧɧɨ ɦɟɧɹɸɳɢɦɫɹ ɜɞɨɥɶ ɫɥɨɹ: | / | / | | 1q x q Fs s   . ȼɨ
ɢɡɛɟɠɚɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɛɨɥɶɲɢɯ ɝɪɚɞɢɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪ, ɤɨɬɨɪɵɟ ɜ ɞɥɢɧɧɨ-
ɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɪɵɜɚɦ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɥɟɣ, ɫɥɟɞɭɟɬ
ɨɝɪɚɧɢɱɢɬɶɫɹ ɫɥɭɱɚɟɦ ɦɚɥɵɯ ɧɚɞɤɪɢɬɢɱɧɨɫɬɟɣ (ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɛɭɞɟɬ ɹɜɧɨ
ɧɚɣɞɟɧɨ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ CRa ɞɥɹ ɫɥɭɱɚɹ ɨɞɧɨɪɨɞɧɨɝɨ ɧɚɝɪɟɜɚ, ɢ ɛɭɞɟɬ
ɩɨɥɨɠɟɧɨ CRa Ra= ), ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɚɥɵɯ ( , )q x y , ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɩɢ-
ɫɵɜɚɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ Ɋɟɥɟɹ-Ⱦɚɪɫɢ ɨɬ
ɤɪɢɬɢɱɟɫɤɨɝɨ.
ɂɡ ɭɪɚɜɧɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ (3.3) ɫɥɟɞɭɟɬ, ɱɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɦɩɨ-
ɧɟɧɬɚ ɫɤɨɪɨɫɬɢ ɜɟɥɢɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ (ɩɨɫɤɨɥɶɤɭ ɢɡɦɟɧɟɧɢɟ ɩɨ-
ɥɟɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɜ ɜɟɪɬɢɤɚɥɶ-
ɧɨɦ). ɍɱɢɬɵɜɚɹ ɷɬɨ ɹɜɧɨ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɩɨɥɟ ɫɤɨɪɨɫɬɢ ɜ ɜɢɞɟ:
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1
zv we uF
= +G G G ,
ɝɞɟ u
G
 – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɩɨɥɹ ɫɤɨɪɨɫɬɢ. ɂɡɦɟɧɹɹ ɦɚɫɲɬɚɛ ɜ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ: 1x xFl , 1y yFl  – ɩɨɥɚɝɚɹ
2
2( , ) ( , )q x y q x yF= ɢ ɩɪɨɟɤɬɢɪɭɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ (3.1) ɧɚ ɜɟɪɬɢ-
ɤɚɥɶɧɨɟ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɹ, ɫɢɫɬɟɦɭ (3.1)–(3.3) ɫ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨ-
ɜɢɟɦ (3.4), ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ, ɭɞɨɛɧɨɦ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ:
0zp w Ra Ts  + = , (3.5) 
2
2u pF=  
G
, (3.6) 
2 2 2
2 2( ) ( )t z zT wT uT T TF Fs + s +  ¸ = s + %
G
, (3.7) 
2 0zw us + ¸ =
G
, (3.8) 
2
20, 1 : 0, 1 ( , )zz w T q x yF= = s =   , (3.9) 
ɝɞɟ ɢɧɞɟɤɫ 2 ɭ ɨɩɟɪɚɬɨɪɨɜ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢ-
ɧɚɬɚɦ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɢɲɶ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ.
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɪɚɡɥɨɠɟɧɢɟ ɢɞɟɬ ɥɢɲɶ ɩɨ ɱɟɬɧɵɦ ɫɬɟɩɟɧɹɦ F  (ɜɨ ɜɫɟɯ
ɭɪɚɜɧɟɧɢɹɯ ɡɚɞɚɱɢ (3.5)–(3.9)  F ɩɨɹɜɥɹɟɬɫɹ ɜ ɤɜɚɞɪɚɬɟ). Ɍɚɤɠɟ, ɦɨɠɧɨ ɫɪɚɡɭ
ɭɱɟɫɬɶ, ɱɬɨ ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɦɟɞɥɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ
ɩɨɥɟɣ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ, ɚ ɫɥɚɛɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟ ɦɨɠɟɬ ɜɵ-
ɡɜɚɬɶ ɛɵɫɬɪɨɣ ɷɜɨɥɸɰɢɢ ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɟɧɢ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɷɜɨɥɸɰɢɹ ɜɨ
ɜɪɟɦɟɧɢ ɛɭɞɟɬ ɦɟɞɥɟɧɧɨɣ. ɉɨɫɤɨɥɶɤɭ ɪɚɡɥɨɠɟɧɢɟ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɱɟɬ-
ɧɵɦ ɫɬɟɩɟɧɹɦ F , ɢɦɟɟɬ ɫɦɵɫɥ ɨɠɢɞɚɬɶ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɵɟ ɜɪɟɦɟɧɚ ɷɜɨɥɸɰɢɢ
ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ ɛɭɞɭɬ ɧɟ ɛɵɫɬɪɟɟ, ɱɟɦ 2Fr .
0F : ȼ ɧɭɥɟɜɨɦ ɩɨɪɹɞɤɟ ɡɚɞɚɱɚ (3.5)–(3.9) ɞɚɟɬ
0 0 0 0z p w Ra Ts  + = , (3.10) 
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0 0u =
G
, (3.11) 
2
0 0 2 0 0 0( ) ( )z zw T u T Ts + ¸ = s
G
, (3.12) 
0 2 0 0zw us + ¸ =
G
, (3.13) 
0 00, 1 : 0, 1zz w T= = s =  . (3.14) 
ɂɡ (3.13), (3.11): 0 0zws = , 0 1( , ) 0w C x y= =  ( 1 0C = ɜ ɫɢɥɭ ɝɪɚɧɢɱɧɵɯ
ɭɫɥɨɜɢɣ (3.14)). 
ɂɡ (3.12):  2 0 0zTs = , ɬ.ɟ. 0 2( , ) ( , )T C x y z x yR= + , ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱ-
ɧɵɯ ɭɫɥɨɜɢɣ (3.14): 
0 ( , )T z x yR=  + , (3.15) 
ɝɞɟ ( , )x yR ɨɫɬɚɟɬɫɹ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɭɧɤɰɢɟɣ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɵɯ ɤɨɨɪɞɢɧɚɬ.
ɂɡ (3.10):  0 0 ( , )z p Ra T Ra z Ra x yRs = =  + ,
2
0 0( , ) ( , )2
Rap z Ra x y z x yR 1=  + + , (3.16) 
ɝɞɟ 0( , )x y1 ɜ ɞɚɧɧɨɦ ɩɨɪɹɞɤɟ ɪɚɡɥɨɠɟɧɢɹ ɧɟ ɨɩɪɟɞɟɥɟɧɨ.
2F : 2 2 2 0z p w Ra Ts  + = , (3.17) 
2 2 0u p= 
G
, (3.18) 
2
2
0 2 0 2 2 0 2 2 0( ) ( )t z zT w T u T T T%s + s + ¸ = s +
G
, (3.19) 
2 2 2 0zw us + ¸ =
G
, (3.20) 
2 2 20, 1 : 0, ( , )zz w T q x y= = s =  . (3.21) 
ɂɡ (3.18): 2 2 0 2 2 0( , ) ( , )u p Ra z x y x yR 1=  =   
G
.
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ɂɡ (3.20): 2 2 2 2 2 0( , ) ( , )zw u Ra z x y x yR 1s =  ¸ = % +%
G
,
2
2 2 2 0 3
1 ( , ) ( , ) ( , )
2
w Ra z x y x y z C x yR 1= % +% + .
Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (3.21) ɞɥɹ ɫɤɨɪɨɫɬɢ ɞɚɸɬ:
0z = : 3 0C = , 1z = : 2 0 2
1( , ) ( , )
2
x y Ra x y1 R% =  % .
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɫɥɟɞɧɟɝɨ, ɦɨɠɧɨ ɧɚɩɢɫɚɬɶ
0 0
1( , ) ( , ) ( , )
2
x y Ra x y x y1 R Q=  + , 2 0( , ) 0x yQ% = .
Ɇɨɠɧɨ ɬɚɤɠɟ ɜɢɞɟɬɶ, ɱɬɨ 2 2 0u Q= 
G
 (ɡɞɟɫɶ ɢ ɞɚɥɟɟ
1
0
f f dzw ¨ ).
ɉɨɥɨɠɢɦ, ɢɦɟɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɣ (ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ) ɮɪɚɝɦɟɧɬ
ɫɥɨɹ, ɧɚ ɝɪɚɧɢɰɟ (  (ɩɭɫɬɶ, ɞɥɹ ɩɪɨɫɬɨɬɵ, ɨɧɚ ɛɭɞɟɬ ɜɟɪɬɢɤɚɥɶɧɚ, ɱɬɨ, ɜɨɨɛɳɟ
ɝɨɜɨɪɹ, ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ) ɤɨɬɨɪɨɝɨ ɧɚɜɹɡɚɧ ɩɪɢɬɨɤ ɠɢɞɤɨɫɬɢ ɜ ɷɬɨɬ ɮɪɚɝɦɟɧɬ
(ɢɥɢ, ɧɚɩɪɢɦɟɪ, ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ; ɞɨɫɬɚɬɨɱɧɨ ɨɬɫɭɬɫɬɜɢɹ ɩɪɢɬɨɤɚ – ɩɨɬɨɤ ɱɟɪɟɡ
ɝɪɚɧɢɰɭ ɞɨɩɭɫɤɚɟɬɫɹ, ɧɨ ɨɧ ɞɨɥɠɟɧ ɢɦɟɬɶ ɧɭɥɟɜɨɟ ɫɪɟɞɧɟɟ ɩɨ z ). Ⱦɥɹ ɷɬɨɝɨ
ɫɥɨɹ ɧɨɪɦɚɥɶɧɚɹ ɤ ɝɪɚɧɢɰɟ ( ɤɨɦɩɨɧɟɧɬɚ 2u
G
ɡɚɞɚɧɚ: 2 |nu Q(=  (Q ɦɨ-
ɠɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɤɨɨɪɞɢɧɚɬ ɜɞɨɥɶ ɝɪɚɧɢɰɵ ɫɥɨɹ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɬɫɹ
ɝɪɚɧɢɱɧɚɹ ɡɚɞɚɱɚ ɞɥɹ 0( , )x yQ :
2 0 0Q% = , 0 Qn (
Qs = 
s
 (3.22) 
( / ns s  – ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ ɧɨɪɦɚɥɢ ɤ ɝɪɚɧɢɰɟ), ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ (ɫ
ɬɨɱɧɨɫɬɶɸ ɞɨ ɧɟɫɭɳɟɫɬɜɟɧɧɨɣ ɚɞɞɢɬɢɜɧɨɣ ɤɨɧɫɬɚɧɬɵ) ɪɟɲɟɧɢɟ, ɨɞɧɨɡɧɚɱɧɨ
ɨɩɪɟɞɟɥɹɟɦɨɟ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. Ɍ.ɨ. 0( , )x yQ ɨɩɢɫɵɜɚɟɬ ɩɪɢɧɭɞɢɬɟɥɶɧɨɟ
ɩɪɨɤɚɱɢɜɚɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɥɨɣ ɡɚ ɫɱɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɟɝɨ ɛɨɤɨɜɵɯ ɝɪɚɧɢ-
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ɰɚɯ, ɩɪɢɱɟɦ ɨɞɧɨɡɧɚɱɧɨ. ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɜɛɥɢɡɢ ɩɨɪɨɝɚ ɭɫ-
ɬɨɣɱɢɜɨɫɬɢ, ɬɨ ɢɦɟɟɬ ɫɦɵɫɥ ɧɟ ɞɨɩɭɫɤɚɬɶ ɩɪɨɤɚɱɢɜɚɧɢɹ ɜ ɜɟɞɭɳɟɦ ɩɨɪɹɞɤɟ,
ɢɧɚɱɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɧɨ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ, ɚ ɧɟ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɶ ɧɚɝɪɟɜɚ (ɤɨɬɨɪɚɹ ɦɚɥɚ). Ɍ.ɨ. ɢɦɟɟɬ ɫɦɵɫɥ ɩɨɥɨɠɢɬɶ
0( , ) 0x yQ =  (3.23) 
ɢ ɩɨɩɵɬɚɬɶɫɹ ɭɱɟɫɬɶ ɜɨɡɦɨɠɧɨɟ ɩɪɨɤɚɱɢɜɚɧɢɟ ɜ ɫɥɟɞɭɸɳɢɯ ɩɨɪɹɞɤɚɯ ɦɚɥɨɫɬɢ.
Ɍɨɝɞɚ,
2 2
1 ( , )
2
u Ra z x yR ¬­=   ­ ­ ®
G
, (3.24) 
2
2 2
1 ( ) ( , )
2
w Ra z z x yR=  % . (3.25) 
ɉɪɨɢɧɬɟɝɪɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (3.19) ɩɨ z :
2
2
0 2 0 2 2 0 2 2 0( )t z zT w T u T T Ts + s + ¸ = s +%
G
. (3.26) 
ɋ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (3.21), 
1 1
2 0 2 0 00
( ) 0z zw T dz w T =s = =¨ ,
1 1 12
2 2 20 00
( , ) 0z z z zT dz T q x y= =s = s =  =¨ .
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ,
2 2 0 2 2 2 2( )u T u z u R ¸ =  ¸ + ¸
G G G
ɉɨɞɫɬɚɜɥɹɹ ɜ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜɵɪɚɠɟɧɢɟ (3.24), ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ ɜɨ ɜɬɨɪɨɦ,
ɡɚɜɟɞɨɦɨ, 2 2 0 0u Q=  =
G
, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ:
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2
2 2 0 2 2/2 ( /12)u T Ra z z RaR R ¸ = %  = %
G
.
ȼ ɬɨ ɠɟ ɜɪɟɦɹ,
2 20t t
T Rs = s , 2 0 2T R% = % , ɢ ɭɪɚɜɧɟɧɢɟ (3.26) ɩɪɢɧɢɦɚɟɬ ɜɢɞ:
( )
2 2
1 /12t RaR Rs =  % .
ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɩɪɢ 12Ra < ɹɜɥɹɟɬɫɹ ɨɛɵɱɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ
ɢ ɩɪɢ ɬɪɢɜɢɚɥɶɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɜɫɟ ɜɨɡɦɭɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɬɭɯɚ-
ɸɬ, ɩɪɢ 12Ra > ɩɨɥɭɱɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ,
ɬ.ɟ. ɜɫɟ ɜɨɡɦɭɳɟɧɢɹ ɧɚɪɚɫɬɚɸɬ; 12Ra =  – ɝɪɚɧɢɰɚ ɥɢɧɟɣɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɢɫɬɟɦɵ. ɉɪɢ ɷɬɨɦ, ɜ ɞɚɧɧɨɦ ɩɨɪɹɞɤɟ ɧɟ ɩɪɨɹɜɥɹɟɬ ɫɟɛɹ ɧɟɥɢɧɟɣɧɨɫɬɶ. Ɍ.ɨ., ɞɥɹ
ɭɱɟɬɚ ɧɟɥɢɧɟɣɧɨɫɬɢ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ (ɫɟɣ-
ɱɚɫ ɥɢɛɨ ɜɫɟ ɜɨɡɦɭɳɟɧɢɹ ɡɚɬɭɯɚɸɬ, ɥɢɛɨ ɜɫɟ ɧɚɪɚɫɬɚɸɬ), ɧɟɨɛɯɨɞɢɦɨ ɨɝɪɚɧɢ-
ɱɢɬɶɫɹ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɶɸ ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɨɥɚɝɚɹ (ɜɫɸɞɭ ɞɚɥɟɟ)
C 12Ra Ra= =
ɢ ɭɱɢɬɵɜɚɹ ɧɚɞɤɪɢɬɢɱɧɨɫɬɶ ɱɟɪɟɡ q . Ɂɚɫɥɭɠɢɜɚɟɬ ɭɩɨɦɢɧɚɧɢɹ, ɱɬɨ ɥɨɤɚɥɶɧɨɟ
ɱɢɫɥɨ Ɋɟɥɟɹ-Ⱦɚɪɫɢ ("ɥɨɤɚɥɶɧɨɟ" ɡɧɚɱɢɬ, ɜ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɫɥɨɹ)
local (1 )Ra Ra q= + , ɬ.ɟ. ɩɨɥɨɠɢɬɟɥɶɧɵɟ q ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɞɤɪɢɬɢɱɟɫɤɢɦ
ɪɟɠɢɦɚɦ, ɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ – ɩɨɞɤɪɢɬɢɱɟɫɤɢɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ 12Ra = , ɩɨ-
ɥɭɱɚɟɬɫɹ
2
0t Rs = ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɬɨɢɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɛɨɥɟɟ ɦɟɞɥɟɧɧɭɸ
ɷɜɨɥɸɰɢɸ R , ɚ ɢɦɟɧɧɨ ɩɨɥɚɝɚɬɶ
4
4
t tR F Rs = s .
Ɍɟɩɟɪɶ ɨɛɪɚɬɢɦɫɹ ɤ ɭɪɚɜɧɟɧɢɸ (3.19) ɢ ɧɚɣɞɟɦ ɢɡ ɧɟɝɨ 2T :
2
2 2 0 2 2 0 2 0
2 2 2 2 2 2 2
3 2 2
2 2
2
2 2 2 2
( ) ( )
( ) ( ) ( )
(6 6 ) (6 6 )
(12 6 ) (12 6) ( ) ,
z z
z z
z z
T w T uT T
w z w u z u
z z z z
z z z
R R R
R R R
R R R R
s = s + ¸ % =
= s + s  ¸ + ¸ % =
= s  % + s  % +
+  %    ¸  %
G
G G
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4 3 3 2
2 2 2
4 3 3 2 2
2 2 2 2
4 2
3 2 (2 3 )
2
1( ) (2 3 ) ( )
2
( , ) ( , ).
T z z z z
z z z z z
C x y z x y
R R R
R R R R
R
 ¬­=   % +  % +­ ­ ®
+  %    ¸   % +
+ +
ɂɫɩɨɥɶɡɭɹ ɫɨɨɬɧɨɲɟɧɢɟ 22 2 2 2( ) ( )R R R R R ¸  = % +  , ɦɨɠɧɨ ɜɢɞɟɬɶ,
ɱɬɨ ɫɥɚɝɚɟɦɨɟ 2R R% ɢɫɱɟɡɚɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 2T :
4 3 2
2 2
3 2 2
2 4 2
1 1
2 2
( 2 3 )( ) ( , ) ( , ),
T z z z
z z C x y z x y
R
R R
 ¬­=  +  % +­ ­ ®
+  +  + +
 (3.27) 
ɍɱɟɬ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (3.21) ɞɚɟɬ, ɱɬɨ 4 2( , ) ( , )C x y q x y=  , ɜ 2( , )x yR
ɨɫɬɚɟɬɫɹ ɩɪɨɢɡɜɨɥ.
Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ( , )x yR ɢ 2( , )x yR ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ z  (ɬ.ɟ. ɧɟ ɡɚɜɢɫɹɬ) ɢ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. ɉɨɷɬɨɦɭ
2R ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ ɥɸɛɨɣ ɮɭɧɤɰɢɟɣ ɢ ɷɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɪɚɡɢɬɫɹ ɜ R . ɗɬɨ
ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ
2 4
2
1 ( , ) O( )
2
T x y TR F F=  + + + ,
ɢ, ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 2R ɞɥɹ ɨɛɪɚɳɟɧɢɹ 2T ɜ ɧɨɥɶ, ɬɨ R ɦɨɠɧɨ ɛɭɞɟɬ ɢɧɬɟɪ-
ɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɫɪɟɞɧɸɸ ɩɨ ɬɨɥɳɢɧɟ ɫɥɨɹ ɬɟɦɩɟɪɚɬɭɪɭ ɫ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ
(ɤɨɧɤɪɟɬɧɟɟ, ɫ ɬɨɣ ɬɨɱɧɨɫɬɶɸ, ɞɨ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɞɟɫɶ ɪɚɡɥɨɠɟɧɢɟ
ɭɪɚɜɧɟɧɢɣ, ɬ.ɟ. 4F ). ɂɬɚɤ,
2
2 2 2 2 2
1 1 1( ) ( , ) ( , ) 0
60 2 2
T q x y x yR R R=  % +   + = ,
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ɨɬɤɭɞɚ
2 2
2 2 2
1 1 ( )
60 2 2
qR R R= %   + . (3.28) 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,
4 3 2
2 2
3 2 2
2
1 1 1
2 2 60
1 12 3 ( ) .
2 2
T z z z
z z z q
R
R
 ¬­=  +  + % +­ ­ ®
 ¬  ¬­ ­ +  +   +  +­ ­ ­ ­ ®  ®
 (3.29) 
Ⱦɚɥɟɟ, ɢɡ ɭɪɚɜɧɟɧɢɹ (3.17) ɫɥɟɞɭɟɬ 2 2 2z p w Ra Ts =  + ɢ, ɢɧɬɟɝɪɢɪɭɹ
ɩɨ z , ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ:
( ) ( )
5 4 3 2
2 2
4 3 2 2
2 2
6 13 4 3
5 5
6 12 6 ( ) 6 6 ( , ).
p z z z z z
z z z z z q x y
R
R 1
 ¬­=  +  + + % +­ ­ ®
+  +   +  + +
 (3.30) 
4F : ȿɫɥɢ ɨɝɪɚɧɢɱɢɜɚɬɶɫɹ ɞɚɧɧɵɦ ɩɨɪɹɞɤɨɦ ɪɚɡɥɨɠɟɧɢɹ, ɬɨ ɧɟ ɬɪɟɛɭɸɬɫɹ ɜɫɟ
ɭɪɚɜɧɟɧɢɹ – ɞɨɫɬɚɬɨɱɧɨ
4 2 2u p= 
G
, (3.31) 
4 0 4 0 2 4 0
2
2 2 2 2 2 4 2 2
( ) ( )
( ) ( ) ,
t z
z z
T w T u T
w T uT T T
s + s + ¸ +
+ s + ¸ = s +%
G
G  (3.32) 
4 2 4 0zw us + ¸ =
G
, (3.33) 
4 40, 1 : 0, 0zz w T= = s = . (3.34) 
ɇɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɱɢɫɥɹɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 4u
G
, ɚ ɞɨɫɬɚɬɨɱɧɨ ɫɪɚɡɭ
ɩɨɞɫɬɚɜɢɬɶ (3.31) ɜ (3.33): 
4 2 2zw ps = % ,
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ɬɨɝɞɚ
( )
6 5 4 3 2 2
4 2
5 4 2 2
2 2
3 2
2 2 2 2
1 3 1
5 5 10
6 3 3 ( )
5
2 3 .
w z z z z z
z z z
z z q z
R
R
1
 ¬­=  +  + + % +­ ­ ®
 ¬­+  +  %  +­ ­ ®
+  + % + %
 (3.35) 
ɉɨɫɤɨɥɶɤɭ
2 2
4 2 2 2 2 2 2 21
1 60 ( )
2 5z
w qR R 1= = = %  %  +% +% ,
ɬɨ
2
2 2 2 2 2
1 6 ( )
2 5
q1 R R Q=  % +   + , ɝɞɟ 2 2 0Q% = .
ɋɥɟɞɭɟɬ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ
4 2 2
5 4 3 2
2 2
4 3 2
2
2
2 2
2 2
6 13 4 3
5 5
6 1#
#
#
#
2 6 ( )
6 6 ( , )
( , ).
u p
z z z z z
z z z
z z q x y
x y
R
R
1
Q
=  =
=   +  + + % +
+  +   +
¬­+  + + =­­­®
= 
G
ȼɵɲɟ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɫɜɹɡɶ ɦɟɠɞɭ 2u
G
ɢ 0Q ɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 0Q
ɨɩɢɫɵɜɚɟɬ ɩɪɨɤɚɱɢɜɚɧɢɟ. ȼ ɬɨɦ ɩɨɪɹɞɤɟ ɩɪɨɤɚɱɢɜɚɧɢɟ ɧɟ ɜɜɨɞɢɥɨɫɶ, ɨɞɧɚɤɨ
ɬɟɩɟɪɶ ɢɦɟɟɬ ɫɦɵɫɥ ɷɬɨ ɫɞɟɥɚɬɶ: ɨɫɬɚɜɢɬɶ 2Q ɢ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɨɧɨ ɨɩɢɫɵɜɚɟɬ
ɩɪɢɧɭɞɢɬɟɥɶɧɨɟ ɩɪɨɤɚɱɢɜɚɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɥɨɣ, ɧɚɜɹɡɚɧɧɨɟ ɝɪɚɧɢɱɧɵɦɢ
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ɭɫɥɨɜɢɹɦɢ ɧɚ ɛɨɤɨɜɵɯ ɝɪɚɧɢɰɚɯ ɫɥɨɹ, ɚ ɢɦɟɧɧɨ ɡɚɞɚɧɧɵɦ ɫɪɟɞɧɢɦ ɩɨ z ɩɨɬɨ-
ɤɨɦ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɛɨɤɨɜɭɸ ɝɪɚɧɢɰɭ. ɉɨɞɫɬɚɜɥɹɹ 21 ɜ (3.35), ɦɨɠɧɨ ɜɵɩɢɫɚɬɶ
ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ
( )
6 5 4 3 2 2
4 2
5 4 2 2
2 2
3 2
2 2
1 3 1 1
5 5 10 2
6 63 3 ( )
5 5
2 3 .
w z z z z z z
z z z z
z z z q
R
R
 ¬­=  +  + +  % +­ ­ ®
 ¬­+  +  + %  +­ ­ ®
+  +  %
 (3.36) 
Ɍɟɩɟɪɶ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (3.32) ɩɨ z  (ɷɬɨ ɞɚɫɬ ɢɫɤɨɦɨɟ ɭɪɚɜɧɟ-
ɧɢɟ ɷɜɨɥɸɰɢɢ R ):
4 4 0 2 4 0
2
2 2 2 2 2 4 2 2
( )
( ) ,
t z
z z
w T u T
w T uT T T
Rs + s + ¸ +
+ s + ¸ = s +%
G
G
ɋɪɟɞɧɢɟ ɨɬ ɜɫɟɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ z ɜ ɫɢɥɭ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɪɚɜɧɵ ɧɭɥɸ,
ɬɚɤɠɟ 2 0T = . Ɉɫɬɚɟɬɫɹ:
4 2 4 0 2 2
0t u T u TRs + ¸ + =
G G
, (3.37) 
ɝɞɟ
( )
( )
( ) ( )
2 4 0 2 0 2 2 2 2 2 2 2
2 2 2 2 2
4 2 2 2 4 2 2 2 ,z
u T T p z p p
z p p
z w w
R
R
R Q R Q
 ¸ =  ¸  =  ¸   +  =
= %  ¸  =
= s  ¸  =   ¸ 
G
2
4 2
2
21
w R=  % ,
( )22 4 0 2 2 2 2221u T R R Q ¸ = %  ¸ 
G
; (3.38) 
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( )
( )( ) ( )
1
22 2 2 2 2 2 0 2 2 2
1
22 2 2 2 2 2 ,
u T T p Ra z T
Ra z T Ra zT
R
R R
 ¸ =  ¸  =  ¸  
=   ¸   =   ¸ 
G
2 2
2 2
1 ( )
10 12
qzT R=   ,
2
2 2 2 2 2 2 2 2
6 ( )
5
u T qR R R ¬­ ¸ =  ¸     ­ ­ ®
G
. (3.39) 
ɉɨɞɫɬɚɜɥɹɹ (3.38) ɢ (3.39) ɜ (3.37), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɫɤɨɦɨɟ ɭɪɚɜɧɟɧɢɟ
ɦɟɞɥɟɧɧɨɣ ɷɜɨɥɸɰɢɢ:
( )2 22 22 6div div ( ) 021 5 qR R R Q R R R
 ¬­+ %        =­ ­ ®
 . (3.40) 
ɂɧɞɟɤɫɵ 2 ɭ ɨɩɟɪɚɬɨɪɨɜ ɝɪɚɞɢɟɧɬɚ ɨɩɭɳɟɧɵ, ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɩɨɥɹ ɞɜɭɯɦɟɪɧɵ.
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɧɚɝɪɟɜɚ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɫɨ-
ɫɬɨɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɚ ɢɡ (3.29) ɢ (3.36) ɜɢɞɧɨ, ɱɬɨ ɜ ɩɨɞɤɪɢɬɢɱɟ-
ɫɤɨɣ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɝɞɚ ɜɨɡɦɭɳɟɧɢɹ R ɡɚɬɭɯɚɸɬ, ɜ ɫɢɫɬɟɦɟ ɭɫɬɚɧɚɜɥɢ-
ɜɚɟɬɫɹ ɪɟɠɢɦ ɫ
( )w z z z q=  +  %3 24,BG 2 22 3 ɢ T z q
 ¬­=  + ­ ­ ®2,BG
1
2
.
Ɉɞɧɚɤɨ, ɷɬɢ ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɥɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ
ɡɧɚɱɟɧɢɹɦɢ ɩɨɥɟɣ ɜɨɡɛɭɠɞɚɟɦɵɯ ɜ ɧɚɞɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟ-
ɱɟɧɢɣ.
ɂɡɦɟɧɟɧɢɟɦ ɦɚɫɲɬɚɛɨɜ
2
21
t tl , 2
21
x xl ɢ 5
63
R Rl
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ɜ ɭɪɚɜɧɟɧɢɢ (3.40) ɦɨɠɧɨ ɨɛɪɚɬɢɬɶ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ 1. Ɍɨɝɞɚ, ɦɨɠɧɨ ɨɤɨɧ-
ɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɬɶ
( )2 22 2div ( ) 0qR Q R R R R R ¸ +%      = , (3.41) 
2 0Q% = . (3.42) 
ɝɞɟ 2Q , ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɨɩɢɫɵɜɚɟɬ ɩɪɢɧɭɞɢɬɟɥɶɧɨɟ ɩɪɨɤɚɱɢɜɚɧɢɟ
ɢ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɭɪɚɜɧɟɧɢɹ (3.41) ɮɚɤɬɢɱɟɫɤɢ ɹɜɥɹɟɬɫɹ
ɤɨɧɜɟɤɬɢɜɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ. ɉɨɞɨɛɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɥɢɲɶ ɜɨɡ-
ɦɨɠɧɵɦ ɧɟɥɢɧɟɣɧɵɦ ɫɥɚɝɚɟɦɵɦ ɜ 2Q  (ɤɨɬɨɪɨɟ ɢɫɤɥɸɱɟɧɨ ɜ ɫɥɭɱɚɟ ɞɜɭɯɦɟɪɧɨɣ
ɤɨɧɜɟɤɰɢɢ) ɨɩɢɫɵɜɚɸɬ ɞɥɢɧɧɨɜɨɥɧɨɜɭɸ ɬɟɩɥɨɜɭɸ ɤɨɧɜɟɤɰɢɸ ɜ ɨɞɧɨɪɨɞɧɨɣ
ɠɢɞɤɨɫɬɢ [36] ɢ ɫɥɨɟ ɬɭɪɛɭɥɟɧɬɧɨɣ ɠɢɞɤɨɫɬɢ [37]. 
3.2. Ʌɨɤɚɥɢɡɚɰɢɹ ɬɟɱɟɧɢɣ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɥɭɱɚɣ 2 0( , ) ( )q x y q D xY= + , ɝɞɟ
( )xY  – ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɝɚɭɫɫɨɜɫɤɢɣ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɣ ɲɭɦ, ( ) 0xY = ,
( ') ( ) 2 ( ')x x x xY Y E+ = . ɉɪɢɛɥɢɠɟɧɢɟ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ ɲɭɦɚ ɧɟ ɩɪɨɬɢ-
ɜɨɪɟɱɢɬ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦɭ ɩɪɢɛɥɢɠɟɧɢɸ – ɞɨɫɬɚɬɨɱɧɨ ɫɨɛɥɸɫɬɢ ɫɥɟɞɭɸɳɭɸ
ɢɟɪɚɪɯɢɸ ɦɚɥɨɫɬɢ ɜɟɥɢɱɢɧ: 2| | (| / | / | |) 1q q x qs s   – ɬɚɤ ɱɬɨɛɵ ɞɜɟ
ɭɤɚɡɚɧɧɵɟ ɦɚɥɵɟ ɜɟɥɢɱɢɧɵ ɩɪɨɹɜɥɹɥɢ ɫɟɛɹ ɜ ɨɞɧɨɦ ɩɨɪɹɞɤɟ ɪɚɡɥɨɠɟɧɢɹ. ɂɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɲɭɦɚ D ɦɨɠɟɬ ɛɵɬɶ ɨɛɪɚɳɟɧɚ ɜ ɟɞɢɧɢɰɭ ɩɨɞɯɨɞɹɳɢɦ ɜɵɛɨɪɨɦ
ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ: 2/ 3q D ql , 1/ 3x D xl , 4/ 3t D tl , 2/ 3DQ Ql . ȼ
ɫɜɹɡɢ ɫ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɧɚɝɪɟɜɚ ɜɞɨɥɶ ɨɞɧɨɝɨ ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ,
ɢɦɟɟɬ ɫɦɵɫɥ ɨɝɪɚɧɢɱɢɬɶɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɨɞɧɨɪɨɞɧɵɯ ɜɞɨɥɶ y ɪɟɲɟɧɢɣ, ɞɥɹ
ɤɨɬɨɪɵɯ ɫɤɨɪɨɫɬɶ ɩɪɨɤɚɱɢɜɚɧɢɹ 2 xueQ =
G
  ( xe
G
 – ɨɪɬ ɨɫɢ x ), u const= .
Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ (3.41) ɩɪɢɧɢɦɚɟɬ ɜɢɞ
3
0( [ ( )] ( ) )xxx x x xu q xR R R Y R R=    + + . (3.43) 
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ɉɨɥɟ ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɝɥɚɜɧɨɦ ɩɨɪɹɞɤɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɮɨɪɦɭɥɚɦɢ
(3.24),(3.25), ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɬɨɤɚ:
x zv e ez x
: :s s= 
s s
G G G
, 0( ) ( ) (1 ) xf z x z z: Z : R= =  ,
ɝɞɟ ( ) ( )xx xZ Rw  – ɚɦɩɥɢɬɭɞɚ ɮɭɧɤɰɢɢ ɬɨɤɚ; ɤɨɧɫɬɚɧɬɚ 0: ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵ-
ɛɨɪɨɦ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ. Ɂɞɟɫɶ ɧɟ ɮɢɝɭɪɢɪɭɟɬ ɜɤɥɚɞ ɜ ɫɤɨɪɨɫɬɶ ɨɬ ɩɪɨɤɚɱɢɜɚ-
ɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɯɚɪɚɤɬɟɪɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɥɵ ɧɚ ɮɨɧɟ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ.
ɋɭɳɟɫɬɜɟɧɧɨɟ ɠɟ ɜɥɢɹɧɢɟ ɩɪɨɤɚɱɢɜɚɧɢɹ ɧɚ ɫɢɫɬɟɦɭ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɟɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɢɦɦɟɬɪɢɹ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɢɦɦɟɬɪɢɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ: ɭ
ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ɫɭɦɦɚɪɧɵɣ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɥɸɛɨɟ ɫɟɱɟɧɢɟ ɫɥɨɹ
ɪɚɜɟɧ ɧɭɥɸ, ɚ ɞɥɹ ɬɟɱɟɧɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɩɪɨɤɚɱɢɜɚɧɢɟɦ, ɷɬɨ ɧɟ ɬɚɤ. ȼɚɠɧɨ, ɱɬɨ
ɯɨɬɹ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɷɜɨɥɸɰɢɢ ɜɨɡɦɭɳɟɧɢɣ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɪɢ ɞɜɭɯɦɟɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɩɪɢ ɤɨɧɜɟɤɰɢɢ
ɠɢɞɤɨɫɬɢ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɫɨɜɩɚɞɚɸɬ (ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɟɪɟɧɨɪɦɢɪɨɜɤɢ ɩɚɪɚ-
ɦɟɬɪɨɜ), ɮɭɧɤɰɢɢ ( )f z ɪɚɡɥɢɱɧɵ.
ɑɢɫɥɟɧɧɵɣ ɫɱɟɬ ɜɵɹɜɢɥ, ɱɬɨ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ u ɜ ɫɢɫɬɟɦɟ (3.43) 
ɪɟɚɥɢɡɭɸɬɫɹ ɭɫɬɨɣɱɢɜɵɟ ɫɬɚɰɢɨɧɚɪɧɵɟ ɪɟɲɟɧɢɹ. ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚ-
ɸɬɫɹ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɧɟɬɪɢɜɢɚɥɶɧɵɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ. ȿɫɥɢ ɧɟɤɨ-
ɬɨɪɨɟ ɪɟɲɟɧɢɟ ɛɭɞɟɬ ɥɨɤɚɥɢɡɨɜɚɧɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ 0x , ɬɨ ɜɞɚɥɢ ɨɬ ɧɟɟ
0~ exp( | |)x x xR H±   (ɩɪɢ 0( ) 0x x u > ɜɵɛɢɪɚɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɥɨɤɚɥɢ-
ɡɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨ ɩɨɬɨɤɭ H , ɩɪɢ 0( ) 0x x u <  – ɩɨɤɚɡɚɬɟɥɶ ɥɨɤɚɥɢɡɚ-
ɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɢɜ ɩɨɬɨɤɚ H+ ; ɨɛɪɚɬɧɭɸ ɜɟɥɢɱɢɧɭ
1M H± ±= ɩɪɢɧɹɬɨ
ɧɚɡɵɜɚɬɶ ɞɥɢɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ). ȼ ɨɛɥɚɫɬɢ ɷɬɢɯ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɯ "ɯɜɨɫɬɨɜ"
ɪɟɲɟɧɢɹ ɦɚɥɵ ɢ ɩɨɤɚɡɚɬɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɢɡ ɥɢɧɟɚɪɢɡɚɰɢɢ ɭɪɚɜɧɟɧɢɹ
(3.43), ɤɨɬɨɪɨɟ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɤɪɚɬɧɨ ɩɪɨɢɧɬɟɝɪɢɪɨ-
ɜɚɧɨ ɩɨ x :
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0''' [ ( )] 'u q x const SR R Y R+ + + = w  (3.44) 
(ɲɬɪɢɯ ɨɛɨɡɧɚɱɚɟɬ ɩɪɨɢɡɜɨɞɧɭɸ ɩɨ ɤɨɨɪɞɢɧɚɬɟ x ), ɩɪɢ 0u v ɡɚɦɟɧɚ
1u SR R l + ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɬɢɬɶ ɩɨɬɨɤ ɬɟɩɥɚ S ɜ ɧɨɥɶ.
ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɩɪɢ 0u S= = ɞɥɹ 'R ɩɨɥɭɱɚɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɨɟ
ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɢɧɝɟɪɚ (ɭɪɚɜɧɟɧɢɟ ɩɪɢ ( , )q x y , ɡɚɜɢɫɹɳɟɦ ɨɬ ɨɛɟɢɯ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɤ ɭɪɚɜɧɟɧɢɸ ɒɪɟɞɢɧɝɟɪɚ ɭɠɟ ɧɟ ɫɜɨɞɢɬɫɹ), ɫɜɨɣɫɬɜɚ ɥɨɤɚ-
ɥɢɡɚɰɢɢ ɜ ɤɨɬɨɪɨɦ ɩɪɢ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɦ ɩɨɬɟɧɰɢɚɥɟ ɯɨɪɨɲɨ ɢɫɫɥɟɞɨɜɚɧɵ
(ɫɦ., ɧɚɩɪɢɦɟɪ, [61]): ɜɫɟ ɫɨɫɬɨɹɧɢɹ ɫ ɥɸɛɨɣ ɷɧɟɪɝɢɟɣ (ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜ ɧɚ-
ɲɟɦ ɫɥɭɱɚɟ ɫɪɟɞɧɟɣ ɧɚɞɤɪɢɬɢɱɧɨɫɬɢ 0q ) ɥɨɤɚɥɢɡɨɜɚɧɵ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɫɥɭɱɚɣ
ɩɪɢɦɟɱɚɬɟɥɟɧ ɧɟ ɬɨɥɶɤɨ ɧɚɥɢɱɢɟɦ ɩɪɨɤɚɱɢɜɚɧɢɹ, ɧɨ ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɬɥɢ-
ɱɢɟɦ ɜ ɮɢɡɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɷɮɮɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ
ɮɨɪɦɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɭɪɚɜɧɟɧɢɣ, ɜ ɞɚɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ
ɡɚɞɚɱɟ ɢ ɥɢɧɟɣɧɨɦ ɭɪɚɜɧɟɧɢɢ ɒɪɟɞɢɧɝɟɪɚ: ɜ ɭɪɚɜɧɟɧɢɢ ɒɪɟɞɢɧɝɟɪɚ ɪɚɡɥɢɱ-
ɧɵɟ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɪɟɲɟɧɢɹ ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɜɹɡɚɧɧɵɦ ɫɨɫɬɨɹɧɢɹɦ ɱɚɫɬɢɰ ɜ ɫɥɭɱɚɣ-
ɧɨɦ ɩɨɬɟɧɰɢɚɥɟ, ɬɨɝɞɚ ɤɚɤ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɜɫɟ ɬɚɤɢɟ ɦɨɞɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ
ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɧɟɥɢɧɟɣɧɨɫɬɶ ɢ ɜɦɟɫɬɟ ɮɨɪɦɢɪɭɸɬ ɧɟɤɨɬɨɪɨɟ ɫɬɚɰɢɨɧɚɪɧɨɟ
ɬɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɢ ɛɨɥɶɲɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ
ɦɨɞ ɦɨɠɟɬ ɢɦɟɬɶ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɭɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɛɥɸɞɚɬɶ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɬɟɱɟɧɢɹ ɜ
ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ (ɟɫɥɢ ɨɧɢ ɢɦɟɸɬ ɦɟɫɬɨ ɜ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚ-
ɱɟ), ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɨɡɛɭɠɞɚɟɦɵɯ ɦɨɞ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟɜɟɥɢɤɚ. Ɍɚ-
ɤɚɹ ɫɢɬɭɚɰɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɫɪɟɞɧɟɦ ɨɬ-
ɤɥɨɧɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ: 0 0q < . Ⱦɥɹ ɩɨɹɫɧɟɧɢɹ
ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɜɜɟɞɟɦ ɥɨɤɚɥɶɧɨɟ ɫɪɟɞɧɟɟ
x l
l
x l
q x l q x dx
+


w ¨
/2
1
1 1
/2
( ) ( ) .
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ȿɫɥɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ x ɡɧɚɱɟɧɢɟ ( )lq x ɩɨɥɨɠɢɬɟɥɶɧɨ ɞɥɹ ɞɨɫ-
ɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ l  ("ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɟ l " ɡɧɚɱɢɬ ~ 1l ), ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɷɬɨɣ
ɬɨɱɤɢ ɦɨɠɟɬ ɪɚɡɜɢɬɶɫɹ ɤɨɧɜɟɤɬɢɜɧɨɟ ɬɟɱɟɧɢɟ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɜ ɨɛɥɚɫɬɹɯ ɫ ɨɬ-
ɪɢɰɚɬɟɥɶɧɵɦɢ lq ɬɟɱɟɧɢɟ ɜ ɫɪɟɞɧɟɦ ɞɟɦɩɮɢɪɭɟɬɫɹ. Ⱦɥɹ ɝɚɭɫɫɨɜɫɤɨɝɨ E -
ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ ɲɭɦɚ, lq  – ɝɚɭɫɫɨɜɫɤɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɫɨ ɫɪɟɞɧɢɦ
0lq q= ɢ ɞɢɫɩɟɪɫɢɟɣ ( ) 2/lD q l= , ɬ.ɟ. lq ɩɪɢɧɢɦɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ
( ) ( )0 0( 0) / ( ) /2l lP q q D q q l> = ' = '
(ɡɞɟɫɶ '  – ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ). ɉɪɢ
ɛɨɥɶɲɢɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 0q ,
1 1/2 2
0 0( 0) ( ) ( ) exp( /4)lP q q l q lQ
 > x   ɹɜɥɹ-
ɟɬɫɹ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ, ɢ ɨɛɥɚɫɬɢ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɪɚɫɩɨɥɚ-
ɝɚɸɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɫɬɚɬɨɱɧɨ ɪɚɡɪɟɠɟɧɨ, ɱɬɨ ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɧɚɛɥɸɞɚɬɶ
ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɬɟɱɟɧɢɹ.
3.3. ɉɨɤɚɡɚɬɟɥɶ ɥɨɤɚɥɢɡɚɰɢɢ
3.3.1. ɉɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ
Ɋɚɫɫɦɨɬɪɢɦ ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ
0' , ' , ' [ ( )] .q x uR Z Z G G Y Z R= = =  +   (3.45) 
ɋɩɟɤɬɪ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɷɥɟɦɟɧɬɨɜ:
1 2 3H H Hp p . ȼ ɫɢɥɭ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɫɢɫɬɟɦɵ (3.45) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɹ ( , , , , ) ( , , , , )u x u xR Z G R Z Gl    ,
1 0 3 0( , ) ( , )q u q uH H=   ɢ 2 0 2 0( , ) ( , )q u q uH H=   . (3.46) 
ɉɨɦɢɦɨ ɩɪɨɱɟɝɨ, ɢɡ ɷɬɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ 2 0( , 0) 0q uH = = ; ɫ ɞɪɭ-
ɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ 0u = ɫɢɫɬɟɦɚ ɩɪɨɩɭɫɤɚɟɬ ɨɞɧɨɪɨɞɧɨɟ ɪɟɲɟɧɢɟ
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{ , , } {1,0,0}R Z G = , ɤɨɬɨɪɨɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 2 0H = . ɉɨɫɤɨɥɶɤɭ ɞɢɜɟɪɝɟɧɰɢɹ
ɮɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɫɢɫɬɟɦɵ (3.45) ɪɚɜɧɚ ɧɭɥɸ, ɢɦɟɟɦ
1 2 3 0H H H+ + = ɢ 2 0 1 0 1 0( , ) ( , ) ( , )q u q u q uH H H=  +  . (3.47) 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɫɬɚɬɨɱɧɨ ɜɵɱɢɫɥɹɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ 1H .
ɇɚ Ɋɢɫ. 3.1 ɦɨɠɧɨ ɜɢɞɟɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɫɩɟɤɬɪɚ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ ɨɬ u ɩɪɢ
0 0q = ɤɚɤ ɩɪɢɦɟɪ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɩɪɨɹɜɥɟɧɢɟ ɫɢɦɦɟɬɪɢɣ (3.46), (3.47); 
ɡɚɜɢɫɢɦɨɫɬɶ 1H ɢ 2H ɨɬ u ɢ 0q ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɚ ɧɚ
Ɋɢɫ. 3.2. 
-3 -2 -1 0 1 2 3u
-1
0
1
Ɋɢɫ. 3.1: ɋɩɟɤɬɪ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ 1 2 3H H Hp p ɩɪɢ 0 0q = .
ɉɪɢ 0u = , 0S = ɞɥɹ ɬɟɱɟɧɢɹ, ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 0x , ɧɚ
ɞɨɫɬɚɬɨɱɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ 0x
ï ðè
ï ðè
1 0
3 0
( )
2, 1 0
( )
2, 3 0
( ) ,  ;
( )
( ) ,  .
x x
x x
x e x x
x
x e x x
H
H
2 2
R
2 2



+
£¦ + <¦¦x ¤¦ + >¦¦¥
ɝɞɟ 1( )x2 ɢ 3( )x2  – ɨɝɪɚɧɢɱɟɧɧɵɟ ɮɭɧɤɰɢɢ (ɧɟ ɡɚɬɭɯɚɸɳɢɟ ɢ ɧɟ ɧɚɪɚɫɬɚɸɳɢɟ
ɧɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ), ɡɚɜɢɫɹɳɢɟ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ. ɋɨɛɢɪɚɹ
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ɷɬɢ ɚɫɢɦɩɬɨɬɵ, ɦɨɠɧɨ ɜɵɩɢɫɚɬɶ ɪɟɲɟɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɨɛɥɚɫɬɹɦɢ ɜɨɡɛɭɠɞɟɧɢɹ
ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ ɜ 1x ɢ 2 1x x> :
3 1 1 2( ) ( )
1 2 3 2 1( ) ( ) ( )
x x x xx x x x e x eH HR 2 2 2 < < x + + , (3.48) 
Ɋɢɫ. 3.2: ɉɨɤɚɡɚɬɟɥɢ Ʌɹɩɭɧɨɜɚ ɜ ɫɢɫɬɟɦɟ (3.45). 
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ɚɦɩɥɢɬɭɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɭɧɤɰɢɢ ɬɨɤɚ
3 1 1 2( ) ( )
1 2 3 1( ) ( ) ( )
x x x xx x x x e x eH HZ : : < < x +  (3.49) 
( 1,3( )x: ɨɝɪɚɧɢɱɟɧɵ ɩɨɞɨɛɧɨ 1,3( )x2 ) ɥɨɤɚɥɢɡɨɜɚɧɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 1x ɢ 2x ɫ
ɩɨɤɚɡɚɬɟɥɟɦ 1H  ( 3 0 1 0( , 0) ( , 0)q u q uH H= =  = ), ɬɨɝɞɚ ɤɚɤ ɜɨɡɦɭɳɟɧɢɹ ɩɨɥɹ
ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɥɨɤɚɥɢɡɨɜɚɧɵ.
ɉɪɢ 0u >  (ɫɥɭɱɚɣ 0u < ɩɨɞɨɛɟɧ ɢ ɨɬɞɟɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɧɟ ɬɪɟɛɭ-
ɟɬ) ɫɞɜɢɝɨɦ ɧɚɱɚɥɚ ɨɬɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɵ 1u SR R l + ɜɫɟɝɞɚ ɦɨɠɧɨ ɞɨɛɢɬɶ-
ɫɹ ɨɬɫɭɬɫɬɜɢɹ ɩɨɬɨɤɚ ɬɟɩɥɚ: 0S = . ɂɡ ɬɪɟɛɨɜɚɧɢɹ 0S = ɩɪɢ 0u v ɫɥɟɞɭɟɬ,
ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɬɟɱɟɧɢɹ, ɝɞɟ 0Z l , ɢ ɜɨɡɦɭɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ
0R l . ȼ ɫɚɦɨɦ ɞɟɥɟ, ɪɟɲɟɧɢɟ (3.48) ɩɪɢɧɢɦɚɟɬ ɜɢɞ
3 1 2 2 1 2( ) ( ) ( )
1 2 3 2 1( ) ( ) ( ) ( )
x x x x x xx x x x e x e x eH H HR 2 2 2  < < x + +  (3.50) 
(ɩɨɫɤɨɥɶɤɭ 2 0 *( , 0) 0q q uH < > > , ɝɞɟ *q  – ɧɟɛɨɥɶɲɨɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ,
ɫɦ. Ɋɢɫ. 3.2, ɫɜɹɡɚɧɧɚɹ ɫ ɷɬɢɦ ɩɨɤɚɡɚɬɟɥɟɦ Ʌɹɩɭɧɨɜɚ ɦɨɞɚ ɥɨɤɚɥɢɡɨɜɚɧɚ ɜ ɨɤɪɟ-
ɫɬɧɨɫɬɢ 2x ), ɢ ɩɪɢ 0u v ɜɤɥɚɞ ɜɬɨɪɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɜɞɚɥɢ ɨɬ ɰɟɧɬɪɨɜ ɜɨɡɛɭɠ-
ɞɟɧɢɹ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɬɟɩɟɪɶ ɦɨɞɚ, ɫɜɹɡɚɧɧɚɹ ɫ 2H , ɜɧɨ-
ɫɢɬ ɜɤɥɚɞ ɜ ɚɦɩɥɢɬɭɞɭ ɮɭɧɤɰɢɢ ɬɨɤɚ:
3 1 2 2 1 2( ) ( ) ( )
1 2 3 2 1( ) ( ) ( ) ( )
x x x x x xx x x x e x e x eH H HZ : : :  < < x + +  (3.51) 
ȼ ɪɟɡɭɥɶɬɚɬɟ, ɩɪɢ 2 0H >  ( 0u > ) ɬɟɱɟɧɢɟ ɥɨɤɚɥɢɡɨɜɚɧɨ ɩɨ ɩɨɬɨɤɭ (ɩɪɚ-
ɜɵɣ ɫɤɥɨɧ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɪɟɲɟɧɢɹ) ɫ ɩɨɤɚɡɚɬɟɥɟɦ 3H : 3H H = . ȼ ɥɟɜɨɣ ɠɟ
ɱɚɫɬɢ ɨɤɪɟɫɬɧɨɫɬɢ ɨɛɥɚɫɬɢ ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɬɟɱɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɟ ɦɨɞɵ:
2 2 1 2( ) ( )
2 2 1( ) ( ) ( )
x x x xx x x e x eH HZ : : < x + . (3.52) 
ɉɪɢ ɭɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ u , 1( )x: ɢ 2( )x: ɫɨɢɡɦɟɪɢɦɵ, ɦɨɞɚ 1 2
( )
1( )
x xx eH: 
ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ 2x ɛɵɫɬɪɨ "ɬɟɪɹɟɬɫɹ" ɧɚ ɮɨɧɟ 2 2
( )
2( )
x xx eH:  ɢ ɫɜɨɣɫɬɜɚ ɥɨɤɚ-
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ɥɢɡɚɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ 2H : 2H H+ = . ɉɪɢ 0u = ɮɭɧɤɰɢɹ 2( ) 0x: = , ɢ ɩɪɢ
ɦɚɥɵɯ u , ɩɨ ɧɟɩɪɟɪɵɜɧɨɫɬɢ, 2( )x: ɞɨɥɠɧɨ ɛɵɬɶ ɦɚɥɨ. Ɍɨɝɞɚ ɬɟɱɟɧɢɟ (3.52) 
ɭɫɩɟɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɭɯɧɭɬɶ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ ɟɳɟ ɞɨɦɢɧɢɪɭɟɬ ɦɨɞɚ, ɫɜɹɡɚɧ-
ɧɚɹ ɫ 1H , ɢ ɢɦɟɧɧɨ ɷɬɚ ɦɨɞɚ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɢɧɭ ɥɨɤɚɥɢɡɚɰɢɢ:
1H H+ = .
3.3.2. ɉɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ
Ⱦɥɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɜɟɞɭɳɟɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭ-
ɧɨɜɚ ɦɨɠɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɫɪɟɞɧɢɯ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ ɡɧɚɱɟ-
ɧɢɣ ɩɨɥɟɣ (ɫɦ. [62]; ɧɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [63] ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɨɰɟɧɢɜɚɥɫɹ ɩɨ-
ɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɜ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɩɨɞɨɛɧɨɣ (3.45)). 
Ⱥ ɢɦɟɧɧɨ, ɡɞɟɫɶ ɩɨɥɟɡɟɧ ɫɥɟɞɭɸɳɢɣ ɪɟɡɭɥɶɬɚɬ ɢɡ ɦɨɧɨɝɪɚɮɢɢ [62], ɫɩɪɚ-
ɜɟɞɥɢɜɵɣ ɞɥɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ
ɲɭɦɨɦ ɜ ɤɨɷɮɮɢɰɢɟɧɬɚɯ:
( ) ( ) ( )i ij j ij j
dy L x y x x y
dx
I (= + , (3.53) 
ɝɞɟ ( )xI  – E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɣ ɲɭɦ ɫ ɤɭɦɭɥɹɧɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ
1 2 1 1 2 2 3 1( , ,..., ) ( ) ( ) ( )... ( )n n n n nK x x x K x x x x x x xE E E =   
(ɝɚɭɫɫɨɜɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ,2( ) 2 ( )n nK x D x E= , ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɬɪɟ-
ɛɭɟɬɫɹ). Ⱦɢɧɚɦɢɤɚ ɫɪɟɞɧɢɯ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ iy ɩɨɞɱɢɧɹɟɬɫɹ ɫɢɫɬɟɦɟ
ɭɪɚɜɧɟɧɢɣ:
n
i ij i n ij in
d y L x y K x x y
dx n
d
=
= + 1
1( ) ( )[ ( )]
!
( . (3.54) 
ȿɫɥɢ ɦɚɬɪɢɰɚ ( ɪɚɡɪɟɠɟɧɚ (ɱɬɨ ɞɨɜɨɥɶɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜ ɪɟɚɥɶɧɵɯ ɫɢ-
ɬɭɚɰɢɹɯ), ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶɫɹ, ɱɬɨ, ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ, 0n =( , ɢ
ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (3.54) ɡɚɦɤɧɭɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɭɦɭɥɹɧɬɧɵɯ ɮɭɧɤɰɢɣ.
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Ɋɢɫ. 3.3: ɉɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ ɜ ɫɢɫɬɟɦɟ (3.45). ɇɚ ɧɢɠɧɟɦ ɝɪɚɮɢɤɟ: ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ – 
ɭɞɜɨɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ 12H , ɤɜɚɞɪɚɬɵ – ɩɨɤɚɡɚɬɟɥɶ ɪɨɫɬɚ
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ N , ɢ ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – ɭɞɜɨɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɤɚɡɚ-
ɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɫɢɫɬɟɦɵ (3.45) ɜ ɨɬɫɭɬɫɬɜɢɢ ɲɭɦɚ.
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ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɡɞɟɫɶ ɫɥɭɱɚɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ (ɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɫɦɵɫ-
ɥɟ) ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ ɟɞɢɧɢɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ,2( ) 2n nK x E= ɢ ɫɢɫɬɟɦɚ
(3.54) ɩɪɢɧɢɦɚɟɬ ɜɢɞ
2[L ]i ij i
d y y
dx
= + ( . (3.55) 
ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ { , , }y R Z G=G , ɬɨ (ɫɦ. (3.45)) 
0 0 0
0 0 0
0 1 0
  ¯
¡ °
¡ °= ¡ °
¡ °
¡ °¢ ±
( , 2 0=( ,
ɢ ɲɭɦ ɫɟɛɹ ɧɟ ɩɪɨɹɜɥɹɟɬ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɫɢɦɦɟɬɪɢɟɣ ɫɢɫɬɟɦɵ ɢ ɦɚɥɨ ɝɨɜɨɪɢɬ ɨ
ɟɟ ɩɨɜɟɞɟɧɢɢ ɩɪɢ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ – ɞɥɹ ɚɧɚɥɢɡɚ ɬɨɝɨ, ɱɬɨ ɢɦɟɟɬ
ɦɟɫɬɨ ɩɪɢ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ, ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɨɜɟɞɟɧɢɟ
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ (ɫɦ. [62]). 
Ⱦɥɹ 2 2 2{ , , , , , }y R RZ RG Z ZG G=G ɭɪɚɜɧɟɧɢɹ (3.45) ɞɚɸɬ
1
22 2
dy d y
dx dx
RR= = ,
2
4 3
dy d d y y
dx dx dx
R ZZ R= + = + ,
3
5 0 2 1[ ( )]
dy d d y q x y uy
dx dx dx
R GG R Y= + =  +  ,
4
52 2
dy d y
dx dx
ZZ= = ,
5
6 0 4 2[ ( )]
dy d d y q x y uy
dx dx dx
Z GG Z Y= + =  +  ,
6
0 5 32 2[ ( )] 2
dy d q x y uy
dx dx
GG Y= =  +  .
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Ɍɨɝɞɚ
0 0 0 0 0 0
0 0 0 0 0 0
0 1 0 0 0 0
0 0 0 0 0 0
0 0 0 1 0 0
0 0 0 0 2 0
  ¯
¡ °
¡ °
¡ °
¡ °¡ °
¡ °=
¡ °
¡ °
¡ °¡ °
¡ °¡ °¢ ±
(  (3.56) 
ɢ
02
0
0
0 2 0 0 0 0
0 0 1 1 0 0
0 0 1 0
0 0 0 0 2 0
0 0 0 1
0 0 2 2 2 0
u q
u q
u q
  ¯
¡ °
¡ °
¡ °
¡ ° ¡ °
¡ °w + = ¡ °
¡ °
¡ ° ¡ °
¡ ° ¡ °¢ ±
A L ( . (3.57) 
ɉɨɤɚɡɚɬɟɥɟɦ ɪɨɫɬɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ N ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶ-
ɧɨɟ ɜɟɳɟɫɬɜɟɧɧɨɟ (ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɦɨɠɟɬ ɤɨɥɟɛɚɬɶɫɹ) ɫɨɛɫɬ-
ɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɬɪɢɰɵ A , ɢɦɟɸɳɟɟ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ. Ɏɨɪɦɚɥɶɧɨɟ ɫɨɛɫɬ-
ɜɟɧɧɨɟ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ, ɟɫɥɢ ɞɥɹ ɧɟɝɨ ɫɨɛɥɸɞɟɧɵ ɭɫɥɨɜɢɹ
2 0R p , 2 0Z p , 2 0G p , 22 2R Z RZp , 22 2R G RGp ɢ
22 2Z G ZGp .
ɏɨɬɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɦɚɬɪɢɰɵ A ɢɦɟɟɬ ɲɟɫɬɭɸ ɫɬɟɩɟɧɶ
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ N , ɨɧɨ ɢɦɟɟɬ ɥɢɲɶ ɜɬɨɪɭɸ ɫɬɟɩɟɧɶ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ u , ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 0( , )q uN
ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɜ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɜɢɞɟ – ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ:
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(
)
23
1,2 0
6 3 3 2 2
0 0 0
1 7 4 8
16
81 216 240 144 192 ,
0
64
u q
q q m q
N N
N N N N
= +  ±
± +  +  +
 (3.58) 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɢ 0N > ,
2
0
2 3 2
3 4 3
q N N Np  + . ɇɚ Ɋɢɫ. 3.3 ɦɨɠɧɨ ɜɢɞɟɬɶ
ɷɬɭ ɩɨɜɟɪɯɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɫɨɝɥɚɫɨɜɚɧɢɹ ɦɟɠɞɭ ɩɨɤɚɡɚɬɟɥɹɦɢ
ɪɨɫɬɚ 12H ɢ N  (ɤɨɬɨɪɵɟ ɧɟ ɨɛɹɡɚɧɵ ɫɨɜɩɚɞɚɬɶ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ).
Ɂɞɟɫɶ ɭɦɟɫɬɧɨ ɜɧɨɜɶ ɚɤɰɟɧɬɢɪɨɜɚɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɪɚɡɥɢɱɢɢ ɦɟɠɞɭ ɩɨɤɚɡɚ-
ɬɟɥɹɦɢ Ʌɹɩɭɧɨɜɚ iH ɢ ɩɨɤɚɡɚɬɟɥɟɦ ɪɨɫɬɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ N . Ⱥ ɢɦɟɧɧɨ,
ɫɬɨɢɬ ɩɨɜɬɨɪɢɬɶ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɨɩɢɫɵɜɚɟɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɷɜɨɥɸ-
ɰɢɸ ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɩɪɢ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ ɢ,
ɜ ɷɬɨɦ ɩɥɚɧɟ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɪɟɞɧɟɧɢɸ ɩɨ ɫɨɫɬɨɹɧɢɹɦ ɫɢɫɬɟɦɵ (ɢɥɢ ɜɞɨɥɶ ɟɟ
ɬɪɚɟɤɬɨɪɢɢ). ȼ ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɟ ɷɬɨ ɹɜɧɨ ɧɟ ɩɪɨɹɜɥɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɫɩɪɚɜɟɞɥɢ-
ɜɨɫɬɢ ɩɪɢɧɰɢɩɚ ɫɭɩɟɪɩɨɡɢɰɢɢ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɣ, ɧɨ ɜ ɧɟɥɢɧɟɣɧɨɣ
ɡɚɞɚɱɟ ɷɬɨ ɫɤɚɡɵɜɚɥɨɫɶ ɛɵ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. ɂɦɟɧɧɨ ɬɚɤɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ (ɩɨɤɚɡɚɬɟɥɢ Ʌɹɩɭɧɨɜɚ) ɨɩɢɫɵɜɚɸɬ ɥɨɤɚɥɢɡɚɰɢɸ ɬɟɱɟɧɢɣ ɜ ɤɨɧɤɪɟɬ-
ɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫ ɡɚɞɚɧɧɵɦ ɫɥɭɱɚɣɧɨ ɧɟɨɞɧɨɪɨɞɧɵɦ ɧɚɝɪɟɜɨɦ.
ȼ ɬɨɠɟ ɜɪɟɦɹ, ɩɨɤɚɡɚɬɟɥɢ ɪɨɫɬɚ N ɨɩɢɫɵɜɚɸɬ ɩɨɜɟɞɟɧɢɟ ɫɪɟɞɧɢɯ ɩɨ ɪɟɚɥɢɡɚ-
ɰɢɹɦ ɲɭɦɚ ɡɧɚɱɟɧɢɣ ɩɨɥɟɣ, ɱɬɨ ɧɟ ɜ ɬɨɱɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɛɥɸɞɚɟɦɵɦ ɜ
ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɟ ɹɜɥɟɧɢɹɦ.
Ɍɚɤɠɟ ɩɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɞɥɹ ɦɚɬɪɢɰɵ ( , ɨɩɪɟɞɟɥɹɟɦɨɣ (3.56), ɨɤɚɡɵɜɚ-
ɟɬɫɹ 3 0=(  (ɷɬɨ ɠɟ ɫɩɪɚɜɟɞɥɢɜɨ ɢ ɞɥɹ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɟɩɟɧɟɣ ɦɚɬɪɢɰɵ
( ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ ɡɧɚɱɟɧɢɣ
ɩɨɥɟɣ ɝɚɭɫɫɨɜɨɫɬɶ ɲɭɦɚ ɧɟ ɜɚɠɧɚ: ɜ ɫɢɥɭ ɭɤɚɡɚɧɧɨɣ ɜɵɪɨɠɞɟɧɧɨɫɬɢ ɦɚɬɪɢɰɵ
( ɢ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (3.54) ɩɨɜɟɞɟɧɢɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɥɸ-
ɛɨɦ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɦ ɲɭɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɷɬɨɝɨ ɲɭ-
ɦɚ.
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Ɋɢɫ. 3.4: ɉɪɢɦɟɪɵ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɹ (3.43) ɜ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɤɚɱɢ-
ɜɚɧɢɹ ɩɪɢ 0 3.1q =   (ɪɟɚɥɢɡɚɰɢɢ ( )q x ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɚɦɢ ( )lq xQ= ). Ȼɨɤɨ-
ɜɵɟ ɝɪɚɧɢɰɵ: ɚɞɢɚɛɚɬɢɱɟɫɤɢɟ ɧɟɩɪɨɧɢɰɚɟɦɵɟ ɞɥɹ ɪɟɲɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɜɵɲɟ, ɢ
ɩɟɪɢɨɞɢɱɟɫɤɢɟ – ɞɥɹ ɧɢɠɧɟɝɨ. ɒɬɪɢɯɨɜɚɹ ɥɢɧɢɹ ɨɬɦɟɱɚɟɬ ɧɚɤɥɨɧ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɣ ɡɚɬɭɯɚɧɢɸ ɪɟɲɟɧɢɹ ɫ ɩɨɤɚɡɚɬɟɥɟɦ 12 3.332H = , ɚ ɲɬɪɢɯɩɭɧɤɬɢɪɧɚɹ – 
3.623N = .
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Ɋɢɫ. 3.5: ɉɪɢɦɟɪɵ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɹ (3.43) ɜ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɤɚɱɢ-
ɜɚɧɢɹ ɩɪɢ 0 3.1q =   (ɪɟɚɥɢɡɚɰɢɢ ( )q x ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɚɦɢ ( )lq xQ= ). Ȼɨɤɨ-
ɜɵɟ ɝɪɚɧɢɰɵ: ɚɞɢɚɛɚɬɢɱɟɫɤɢɟ ɧɟɩɪɨɧɢɰɚɟɦɵɟ ɞɥɹ ɪɟɲɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɜɵɲɟ, ɢ
ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ – ɞɥɹ ɧɢɠɧɟɝɨ. ɒɬɪɢɯɨɜɚɹ ɥɢɧɢɹ ɨɬɦɟɱɚɟɬ ɧɚɤɥɨɧ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɣ ɡɚɬɭɯɚɧɢɸ ɪɟɲɟɧɢɹ ɫ ɩɨɤɚɡɚɬɟɥɟɦ 12 3.332H = , ɚ ɲɬɪɢɯɩɭɧɤɬɢɪɧɚɹ – 
3.623N = .
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Ɋɢɫ. 3.6: ɉɪɢɦɟɪɵ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɹ (3.43) ɩɪɢ 0.3u = ,
0 3.0q =   (ɪɟɚɥɢɡɚɰɢɢ ( )q x ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɚɦɢ ( )lq xQ= ) ɜ ɫɥɨɟ ɫ ɩɟɪɢɨ-
ɞɢɱɟɫɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. ɒɬɪɢɯɨɜɚɹ ɥɢɧɢɹ ɨɬɦɟɱɚɟɬ ɧɚɤɥɨɧ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɣ ɡɚɬɭɯɚɧɢɸ ɪɟɲɟɧɢɹ ɫ ɩɨɤɚɡɚɬɟɥɟɦ 12 3.394H = , ɚ ɲɬɪɢɯɩɭɧɤɬɢɪɧɚɹ – 
22 0.268H = .
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3.4. Ɋɟɲɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ
ɏɨɬɹ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɥɢɧɟɣɧɨɦ ɭɪɚɜɧɟɧɢɢ (3.44) 
ɩɪɢ 0u = ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵ, ɩɨɜɟɞɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ (3.43) ɜ ɨɬ-
ɫɭɬɫɬɜɢɢ ɩɪɨɤɚɱɢɜɚɧɢɹ ɡɚɫɥɭɠɢɜɚɟɬ ɜɧɢɦɚɧɢɹ ɜ ɫɢɥɭ ɭɩɨɦɹɧɭɬɵɯ ɪɚɧɟɟ ɩɪɢɧ-
ɰɢɩɢɚɥɶɧɵɯ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ ɞɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɢ ɭɪɚɜɧɟɧɢɟɦ ɒɪɟɞɢɧɝɟɪɚ.
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɠɢɞɚɧɢɹɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɥɨɤɚɥɢɡɨ-
ɜɚɧɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ 0 0q < , ɧɚ Ɋɢɫ. 3.4 ɦɨɠɧɨ ɜɢɞɟɬɶ ɩɪɢɦɟɪɵ ɥɨɤɚɥɢɡɨɜɚɧ-
ɧɵɯ ɪɟɲɟɧɢɣ ɩɪɢ 0u = . ɉɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɛɨɤɨɜɵɯ ɝɪɚɧɢɰɚɯ (Ɋɢɫ. 3.4, 
ɜɟɪɯɧɟɟ ɪɟɲɟɧɢɟ) ɬɟɱɟɧɢɟ ɥɨɤɚɥɢɡɨɜɚɧɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɨɛɥɚɫɬɢ, ɝɞɟ lq Q= ɫɩɨɧ-
ɬɚɧɧɨ ɩɪɢɧɢɦɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɢ ɞɟɦɩɮɢɪɭɟɬɫɹ ɡɚ ɟɟ ɩɪɟɞɟɥɚɦɢ ɜ
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɫɤɚɡɚɧɢɹɦɢ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ (ɧɟɪɟɝɭɥɹɪɧɵɣ ɮɨɧ ɧɚ ɭɪɨɜɧɟ
2 25~ 10xR
 ɫɜɹɡɚɧ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɱɢɫɥɟɧɧɨɝɨ ɫɱɟɬɚ). Ⱥɞɢɚɛɚɬɢɱɟɫɤɢɟ ɝɪɚɧɢɱ-
ɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɥɚɫɬɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɛɨɥɶɲɨɦɭ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɨɛɥɚɫɬɢ, ɝɞɟ
ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɢɫɥɟɧɧɵɣ ɫɱɟɬ) ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ ɜɨɡɛɭɠɞɟɧɢɹ ɬɟ-
ɱɟɧɢɣ ɜ ɛɟɫɤɨɧɟɱɧɨɦ ɫɥɨɟ. ɉɪɢ 0 3.1q =  ,
5( 0) 5 10lP q Q

= > x × , ɢ ɷɬɢ ɨɛ-
ɥɚɫɬɢ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɨɥɠɧɵ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɫɬɚɬɨɱɧɨ ɪɟɞɤɨ.
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ ɨɰɟɧɤɚ ɨɱɟɧɶ ɝɪɭɛɚ ɢ ɧɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬ
ɞɨɫɬɨɜɟɪɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɜɨɡɛɭɠɞɟ-
ɧɢɹ ɬɟɱɟɧɢɣ, ɚ ɥɢɲɶ ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ ɫɬɟɩɟɧɢ ɢɯ ɪɟɞɤɨɫɬɢ.
ɉɪɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ (Ɋɢɫ. 3.4, ɧɢɠɧɟɟ ɪɟɲɟɧɢɟ) ɷɮ-
ɮɟɤɬɢɜɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɨɫɬɶ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ ɜɨɡɛɭɠɞɟɧɢɹ. ȼ
ɨɬɫɭɬɫɬɜɢɢ ɲɭɦɚ ɫɢɫɬɟɦɚ (3.43) ɩɪɨɩɭɫɤɚɟɬ ɬɪɢɜɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ
1
0q S xR
= . ɉɪɢ ɧɚɥɢɱɢɢ ɲɭɦɚ ɫ ɷɬɨɣ ɦɨɞɨɣ ɫɜɹɡɚɧɨ ɫɬɚɰɢɨɧɚɪɧɨɟ ɪɟɲɟɧɢɟ
1
0 1' q SR Z
= + , 1 0Z = , ɤɨɬɨɪɨɟ ɩɪɢ ɦɚɥɵɯ S ɩɨɞɱɢɧɹɟɬɫɹ ɥɢɧɟɣɧɨɦɭ
ɭɪɚɜɧɟɧɢɸ
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2
11
0 1 02 [ ( )] ( )
d q x q S x
dx
Z Y Z Y+ + =  ,
(ɡɞɟɫɶ 1( ) 0xY Z = ), ɬ.ɟ. 1 ~ SZ . ɉɪɢ ɧɚɥɢɱɢɢ ɲɭɦɚ ɷɬɨ ɪɟɲɟɧɢɟ ɪɟɚɥɢɡɭɟɬɫɹ
ɜ ɨɛɥɚɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɬɟɱɟɧɢɹ ( 0lq < ). ȼ ɫɢɬɭɚɰɢɢ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ
Ɋɢɫ. 3.4, 10 [ ]/q S LR
 = , ɝɞɟ [ ] 2R x  – ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ, ɧɚɜɹɡɚɧɧɵɣ ɧɟɥɢ-
ɧɟɣɧɵɦ ɬɟɱɟɧɢɟɦ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ 0lq > , ɚ 100L x  – ɩɟɪɢɨɞ ɫɬɪɭɤɬɭɪɵ, ɢ
2 2 4
0 4 10q S
 x ×  – ɢɦɟɧɧɨ ɬɚɤɨɣ ɩɨɪɹɞɨɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟ-
ɧɢɹ ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɜɞɚɥɢ ɨɬ ɰɟɧɬɪɚ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɯɚ-
ɪɚɤɬɟɪ ɡɚɬɭɯɚɧɢɹ "ɯɜɨɫɬɨɜ" ɢɧɬɟɧɫɢɜɧɨɝɨ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɱɟɧɢɹ. Ⱦɥɹ ɫɬɚ-
ɰɢɨɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɩɨɬɨɤ ɬɟɩɥɚ S ɩɨɫɬɨɹɧɟɧ ɜɞɨɥɶ ɫɥɨɹ, ɜ ɫɢɥɭ ɱɟɝɨ ɫɪɟɞɧɟɟ
ɩɟɪɟɯɨɞɧɨɟ ɬɟɱɟɧɢɟ 10' q SZ R
= = ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɩɨ ɜɫɟɦɭ ɫɥɨɸ
ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɨɛɥɚɫɬɟɣ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɱɟɧɢɹ.
ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɫɜɹɡɚɧɧɵɣ ɫ ɩɟɪɟɯɨɞɧɵɦ ɬɟɱɟɧɢɟɦ ɩɨɬɨɤ ɬɟɩɥɚ S
ɩɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨɥɠɟɧ ɡɚɬɭɯɚɬɶ ɞɨ ɧɭɥɹ. ɉɨɷɬɨɦɭ ɜ
ɫɥɨɟ ɫ ɚɞɢɚɛɚɬɢɱɟɫɤɢɦɢ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɝɪɚɧɢɰɚɦɢ ɫɬɚɰɢɨɧɚɪɧɵɟ ɥɨɤɚɥɢɡɨɜɚɧ-
ɧɵɟ ɪɟɲɟɧɢɹ ɪɟɚɥɢɡɭɸɬɫɹ ɛɟɡ ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɦ ɤɨɥɢɱɟ-
ɫɬɜɟ ɨɛɥɚɫɬɟɣ ɜɨɡɛɭɠɞɟɧɢɹ (Ɋɢɫ. 3.5, ɜɟɪɯɧɟɟ ɪɟɲɟɧɢɟ). ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢ
ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɝɪɚɧɢɰɚɯ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɨɧɨɜɨɝɨ ɬɟɱɟɧɢɹ ɬɟɦ
ɦɟɧɶɲɟ, ɱɟɦ ɩɪɨɬɹɠɟɧɧɟɣ ɫɥɨɣ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɦɭɥɶɬɢɫɬɚ-
ɛɢɥɶɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɤɚ ɫɤɚɱɤɚ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ ɨɛ-
ɥɚɫɬɶ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɢ ɩɪɢ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɫɤɚɱɤɨɜ ɨɧɢ ɜ ɫɪɟɞɧɟɦ
ɞɪɭɝ ɞɪɭɝɚ ɤɨɦɩɟɧɫɢɪɭɸɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɛɨɥɶɲɨɦɭ ɡɧɚɱɟɧɢɸ
1 1
0 layer [ ]jjq S L R
 =  , ɝɞɟ ɩɪɨɫɭɦɦɢɪɨɜɚɧɵ ɫɤɚɱɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɫɟɦ ɨɛ-
ɥɚɫɬɹɦ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɧɚ Ɋɢɫ. 3.5 ɮɨɧɨɜɨɟ ɬɟ-
ɱɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɧɚ Ɋɢɫ. 3.4). 
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ɉɪɢɦɟɪɵ ɬɟɱɟɧɢɣ ɩɪɢ 0u v ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ Ɋɢɫ. 3.6. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ
ɩɪɟɞɫɤɚɡɚɧɢɹɦɢ ɪɚɡɞɟɥɚ 3.3.1 ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɨɛɥɚɫɬɢ ɢɧɬɟɧ-
ɫɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɨɞɢɧɚɤɨɜɚ: ɥɨɤɚɥɢɡɨɜɚɧɵ ɧɟ ɬɨɥɶɤɨ ɬɟɱɟɧɢɹ, ɧɨ ɢ ɜɨɡɦɭɳɟɧɢɹ
ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɂ, ɱɬɨ ɛɨɥɟɟ ɩɪɢɦɟɱɚɬɟɥɶɧɨ, ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɩɪɨɬɢɜ
ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ 2H ɞɚɠɟ ɩɪɢ ɞɨɜɨɥɶɧɨ ɦɚɥɵɯ u ɢ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, 2H , ɬ.ɟ. ɦɨɝɭɬ ɨɱɟɧɶ ɫɢɥɶɧɨ ɢɡɦɟɧɹɬɶɫɹ.
ɉɪɢɦɟɱɚɬɟɥɶɧɨ ɬɚɤɠɟ, ɱɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɩɪɨɤɚɱɢɜɚɧɢɟ ɦɨɠɟɬ ɩɪɢɜɨ-
ɞɢɬɶ ɤ ɩɨɞɚɜɥɟɧɢɸ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ. ɉɪɢɱɟɦ, ɱɟɦ ɛɨɥɶɲɟ u , ɬɟɦ ɫɢɥɶɧɟɟ
ɫɬɚɛɢɥɢɡɢɪɭɸɳɚɹ ɪɨɥɶ ɩɪɨɤɚɱɢɜɚɧɢɹ. Ɉɞɧɚɤɨ, ɷɬɨɬ ɷɮɮɟɤɬ ɧɟ ɫɜɹɡɚɧ ɫ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɵɦɢ ɜ ɪɚɛɨɬɟ ɷɮɮɟɤɬɚɦɢ ɥɨɤɚɥɢɡɚɰɢɢ, ɢ ɩɨɬɨɦɭ ɨɫɬɚɟɬɫɹ ɡɚ ɪɚɦɤɚ-
ɦɢ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.
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Ƚɥɚɜɚ 4: ɋɢɧɯɪɨɧɢɡɚɰɢɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ
ɨɛɳɢɦ ɲɭɦɨɦ
ȼ ɬɟɨɪɢɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɫɢɬɭɚɰɢɢ,
ɬɪɟɛɭɸɳɢɟ ɨɫɪɟɞɧɟɧɢɹ ɩɨ ɪɟɚɥɢɡɚɰɢɹɦ ɲɭɦɚ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬɫɹ ɞɜɚ ɤɥɚɫɫɢɱɟ-
ɫɤɢɯ ɤɪɭɝɚ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɫɪɟɞɧɟɧɢɟɦ ɜɞɨɥɶ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚ-
ɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ. Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɹɜɥɟɧɢɣ, ɧɚɛɥɸɞɚɟɦɵɯ ɜ
ɷɬɢɯ ɡɚɞɚɱɚɯ, ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɮɚɤɬɢɱɟɫɤɢ ɫɜɹɡɚɧɨ ɫ ɜɵɱɢɫɥɟɧɢɟɦ ɩɨɤɚ-
ɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ. Ⱦɥɹ ɮɢɝɭɪɢɪɭɸɳɢɯ ɜ ɬɚɤɢɯ ɡɚɞɚɱɚɯ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ
ɩɨɤɚɡɚɬɟɥɢ Ʌɹɩɭɧɨɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɨɧɢ ɨɩɢɫɵɜɚɸɬ ɷɜɨɥɸ-
ɰɢɸ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɲɭɦɚ,
ɬ.ɟ. ɨɩɢɫɵɜɚɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɬɤɥɢɤɚ ɧɟ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɲɭɦɚ, ɚ ɤ ɜɨɡɦɭɳɟɧɢ-
ɹɦ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ.
ɉɟɪɜɵɣ ɤɪɭɝ ɡɚɞɚɱ ɫɜɹɡɚɧ ɫ ɹɜɥɟɧɢɹɦɢ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ
ɫɢɫɬɟɦɚɯ ɫɨ ɫɥɭɱɚɣɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɩɚɪɚɦɟɬɪɨɜ – ɡɚɞɚɱɚ ɬɚ-
ɤɨɝɨ ɬɢɩɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ. ȼɬɨɪɨɣ ɤɪɭɝ ɡɚɞɚɱ ɭɩɨɦɹɧɭɬɨ-
ɝɨ ɬɢɩɚ ɫɜɹɡɚɧ ɫ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɲɭɦɨɦ, ɢ ɧɟɤɨɬɨ-
ɪɵɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ
ɞɚɧɧɨɣ ɝɥɚɜɟ ɞɢɫɫɟɪɬɚɰɢɢ.
Ɉɫɧɨɜɧɵɦ ɷɮɮɟɤɬɨɦ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɲɭɦɚ ɧɚ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɚɜɬɨɤɨɥɟ-
ɛɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɞɢɮɮɭɡɢɢ ɮɚɡɵ: ɚɜɬɨɤɨɥɟɛɚɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɧɟɢɞɟɚɥɶ-
ɧɵɦɢ [74]. Ɉɞɧɚɤɨ ɲɭɦ ɦɨɠɟɬ ɢɝɪɚɬɶ ɢ ɭɩɨɪɹɞɨɱɢɜɚɸɳɭɸ ɪɨɥɶ, ɜ ɱɚɫɬɧɨɫɬɢ
ɫɢɧɯɪɨɧɢɡɨɜɚɬɶ ɚɜɬɨɤɨɥɟɛɚɧɢɹ. ȿɫɥɢ ɧɚ ɞɜɟ ɨɞɢɧɚɤɨɜɵɟ (ɢɥɢ ɫɥɚɛɨ ɨɬɥɢɱɚɸ-
ɳɢɟɫɹ) ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɞɟɣɫɬɜɭɟɬ ɨɛɳɢɣ ɲɭɦ, ɬɨ ɢɯ ɫɨɫɬɨɹɧɢɹ ɦɨ-
ɝɭɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɬɨɝɨ ɲɭɦɚ ɫɢɧɯɪɨɧɢɡɨɜɚɬɶɫɹ. ɗɬɨɬ ɷɮɮɟɤɬ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɡɧɚɤɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ, ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɚɜɬɨɤɨɥɟɛɚɧɢ-
ɹɯ ɨɧ ɨɬɜɟɱɚɟɬ ɧɚɩɪɚɜɥɟɧɢɸ ɜɞɨɥɶ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ. Ⱦɥɹ ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦ
ɨɧ ɧɭɥɟɜɨɣ, ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɜ ɨɩɢɫɚɧɧɨɦ ɜɵɲɟ ɫɦɵɫɥɟ ɧɟɬ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ
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ɲɭɦɚ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɦɨɠɟɬ ɫɬɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɦ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɫɢɧɯɪɨ-
ɧɢɡɚɰɢɸ. Ɋɚɫɫɦɨɬɪɟɧɢɸ ɜɥɢɹɧɢɹ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ
ɫɢɫɬɟɦɵ ɨɛɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɫ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ ɢ ɩɨɫɜɹɳɟɧɚ ɞɚɧɧɚɹ ɝɥɚɜɚ.
ɇɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɨɫɩɪɨɢɡɜɟɞɟɧɵ ɞɥɹ ɬɟɥɟɝɪɚɮɧɨɝɨ ɲɭɦɚ.
ɂɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ [99,100] ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ
ɧɚ ɫɜɟɞɟɧɢɢ ɞɢɧɚɦɢɤɢ ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤ ɭɪɚɜɧɟɧɢɸ ɞɥɹ ɮɚɡɵ. ɗɬɨ
ɨɩɪɚɜɞɚɧɨ ɩɪɢ ɦɚɥɨɦ (ɜ ɧɭɠɧɨɦ ɫɦɵɫɥɟ) ɜɧɟɲɧɟɦ ɜɨɡɞɟɣɫɬɜɢɢ. ȼɵɜɨɞɢɬɫɹ
ɫɬɨɯɚɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɮɚɡɵ ɚɜɬɨɤɨɥɟɛɚɧɢɣ, ɢ ɧɚɯɨɞɢɬɫɹ ɫɬɚɰɢɨɧɚɪɧɨɟ
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡɵ. ɉɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɜɵɪɚɠɚɟɬɫɹ ɢɧɬɟɝɪɚɥɨɦ ɩɨ ɷɬɨɦɭ
ɪɚɫɩɪɟɞɟɥɟɧɢɸ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ
ɩɨɤɚɡɚɬɟɥɶ ɜɫɟɝɞɚ ɨɬɪɢɰɚɬɟɥɟɧ, ɱɬɨ ɨɬɜɟɱɚɟɬ ɫɢɧɯɪɨɧɢɡɚɰɢɢ.
ɉɪɢ ɤɨɧɟɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟ-
ɧɢɹ ɫɢɫɬɟɦ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨ ɢ ɬɪɟɛɭɟɬɫɹ ɱɢɫɥɟɧɧɵɣ
ɫɱɟɬ, ɤɨɬɨɪɵɣ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦ ɨɛɧɚɪɭɠɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɩɨ-
ɥɨɠɢɬɟɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ [101,103], ɬ.ɟ. ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɢ ɤɨɥɟɛɚɧɢɣ.
ȼ ɭɩɨɦɹɧɭɬɵɯ ɫɥɭɱɚɹɯ ɨɬɞɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɧɟɢɞɟɚɥɶɧɵɦ ɫɢ-
ɬɭɚɰɢɹɦ [101,103]: ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɧɟɢɞɟɧɬɢɱɧɨɫɬɶ ɜ ɲɭɦɟ, ɞɟɣɫɬ-
ɜɭɸɳɟɦ ɧɚ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ (ɜɧɭɬɪɟɧɧɢɣ ɲɭɦ), ɢɥɢ ɜ ɩɚɪɚɦɟɬɪɚɯ ɫɢɫɬɟɦ.
ɉɪɢ ɦɚɥɨɦ ɲɭɦɟ ɢ ɦɚɥɵɯ ɧɟɢɞɟɧɬɢɱɧɨɫɬɹɯ ɡɚɞɚɱɢ ɞɨɩɭɫɤɚɸɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ
ɢɫɫɥɟɞɨɜɚɧɢɟ.
ȼ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɛɟɥɵɣ ɝɚɭɫɫɨɜɫɤɢɣ ɲɭɦ
[99,100,101,103]. ɉɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ
ɨɬ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɵɹɫɧɟɧɢɹ ɬɨɝɨ,
ɧɚɫɤɨɥɶɤɨ ɫɭɳɟɫɬɜɟɧɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɫɥɟɞɧɟɝɨ, ɢ ɛɭɞɟɬ ɥɢ ɫɢɬɭɚ-
ɰɢɹ ɚɧɚɥɨɝɢɱɧɚ ɞɥɹ ɲɭɦɨɜ ɫ ɞɪɭɝɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɥɟɝɪɚɮɧɵɣ
ɲɭɦ ɢɧɬɟɪɟɫɟɧ ɬɚɤɠɟ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɚɤɨɦɭ ɫɢɝɧɚɥɭ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɜɢɞɧɵɦ
ɨɛɪɚɡɨɦ ɫɨɩɨɫɬɚɜɥɟɧ ɫɬɭɩɟɧɱɚɬɵɣ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɢɝɧɚɥ. ɋɪɚɜɧɟɧɢɟ ɷɮɮɟɤɬɨɜ
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ɬɚɤɢɯ ɫɢɝɧɚɥɨɜ ɦɨɠɟɬ ɩɨɦɨɱɶ ɜ ɩɨɧɢɦɚɧɢɢ ɦɟɯɚɧɢɡɦɨɜ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɛɳɢɦ
ɲɭɦɨɦ, ɢ ɷɬɨ ɫɪɚɜɧɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɨ [102]. 
4.1. ɋɢɫɬɟɦɵ ɫ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ – ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ
Ⱥɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ – ɷɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɢɦɟɸɳɢɟ ɭɫ-
ɬɨɣɱɢɜɵɣ ɩɪɟɞɟɥɶɧɵɣ ɰɢɤɥ, ɞɜɢɠɟɧɢɸ ɩɨ ɤɨɬɨɪɨɦɭ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɚɜɬɨɤɨɥɟ-
ɛɚɧɢɹ. Ⱦɚɥɟɟ ɭɞɨɛɧɨ ɝɨɜɨɪɢɬɶ ɨ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɢɦɟɧɧɨ ɤɚɤ ɨ ɫɢɫɬɟɦɚɯ ɫ ɭɫɬɨɣ-
ɱɢɜɵɦ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ.
Ȼɭɞɟɦ ɢɫɯɨɞɢɬɶ ɢɡ ɨɛɳɢɯ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɞɢ-
ɧɚɦɢɤɭ N -ɦɟɪɧɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ jx , 1,2, ,j N= ! , ɜ ɩɪɢɫɭɬɫɬɜɢɢ
ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɲɭɦɨɜɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ( )k tY ɫ ɚɦɩɥɢɬɭɞɚɦɢ
jkQ , ɝɞɟ 1,2, ,k M N= b! :
1
( ) ( ) ( )
M
j j jk k
k
x F Q tY
=
= +x x . (4.1) 
ɋɜɨɣɫɬɜɚ ɲɭɦɨɜ ɛɭɞɭɬ ɭɬɨɱɧɟɧɵ ɧɢɠɟ.
ȿɫɥɢ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɛɟɡ ɲɭɦɚ ɫɭɳɟɫɬɜɭɟɬ ɰɢɤɥ
0 0
0( ) ( 2 / )t t Q X= +x x , ɫɨɫɬɨɹɧɢɹ ɧɚ ɧɟɦ ɦɨɝɭɬ ɛɵɬɶ ɩɚɪɚɦɟɬɪɢɡɨɜɚɧɵ ɩɨ-
ɫɪɟɞɫɬɜɨɦ ɮɚɡɵ 0( )K x  [92], ɥɢɧɟɣɧɨ ɪɚɫɬɭɳɟɣ ɫɨ ɜɪɟɦɟɧɟɦ: 0K X= . Ⱦɥɹ ɩɪɟ-
ɞɟɥɶɧɨɝɨ ɰɢɤɥɚ ɮɚɡɚ K ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɚ ɛɟɡ ɧɟɨɞɧɨɪɨɞɧɨɣ ɩɟɪɟɧɨɪɦɢɪɨɜɤɢ
ɜɪɟɦɟɧɢ (ɤɨɬɨɪɚɹ ɧɟɠɟɥɚɬɟɥɶɧɚ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɧɟ ɨɝɪɚɧɢɱɢɜɚɬɶɫɹ E -
ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦɢ ɲɭɦɚɦɢ) ɢ ɜ ɤɨɧɟɱɧɨɣ ɟɝɨ ɨɤɪɟɫɬɧɨɫɬɢ, ɝɞɟ ɬɚɤɠɟ ɛɭɞɟɬ
ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ 0K X= . ɋ ɭɱɟɬɨɦ ɲɭɦɚ ɭɪɚɜɧɟɧɢɟ ɷɜɨɥɸɰɢɢ ɮɚɡɵ ɜ
ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɰɢɤɥɚ ɩɪɢɦɟɬ ɜɢɞ
0
0
1 1 ( )
( ) ( ) ( )
N M
jk k
j k j
Q t
x
K
KK X Y
= = =
s= +
s
x x
x x . (4.2) 
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ɗɜɨɥɸɰɢɹ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɰɢɤɥɚ ɜ ɞɜɭɯ ɫɥɭ-
ɱɚɹɯ: ɥɢɛɨ ɩɪɢ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ, ɥɢɛɨ ɩɪɢ ɛɨɥɶɲɨɦ ɩɨ ɦɨɞɭɥɸ ɨɬ-
ɪɢɰɚɬɟɥɶɧɨɦ ɜɟɞɭɳɟɦ ɥɹɩɭɧɨɜɫɤɨɦ ɩɨɤɚɡɚɬɟɥɟ ɰɢɤɥɚ ɢ ɤɨɧɟɱɧɵɯ ɢɧɬɟɧɫɢɜɧɨ-
ɫɬɹɯ ɲɭɦɚ. ɇɟ ɢɡɦɟɧɹɹ ɯɚɪɚɤɬɟɪɚ ɲɭɦɚ (ɚ ɥɢɲɶ ɩɟɪɟɧɨɪɦɢɪɭɹ ɟɝɨ ɤɨɥɢɱɟɫɬɜɟɧ-
ɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ), ɨɞɧɨɪɨɞɧɚɹ ɧɨɪɦɢɪɨɜɤɚ ɜɪɟɦɟɧɢ 0t tX l ɩɨɡɜɨɥɹɟɬ
ɫɞɟɥɚɬɶ ɱɚɫɬɨɬɭ ɰɢɤɥɚ ɪɚɜɧɨɣ 1. ȼɢɞ ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɮɚɡɵ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɤɚɤ ɞɟɣɫɬɜɭɟɬ ɲɭɦ ɜ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɟ (4.1). ȿɫɥɢ ɜ
ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɣ ɧɟɡɚɜɢɫɢɦɵɣ ɲɭɦɨɜɨɣ ɫɢɝɧɚɥ, ɬ.ɟ. ɬɨɥɶɤɨ ɞɥɹ
ɨɞɧɨɝɨ k ɲɭɦɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 0kY v , ɩɨɥɭɱɢɬɫɹ
1 ( ) ( )f tK F K Y= + , (4.3) 
ɝɞɟ ( )tY ɛɭɞɟɬ ɩɨɥɚɝɚɬɶɫɹ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦ ɝɚɭɫɫɨɜɫɤɢɦ ɲɭɦɨɦ ɫ
( ) 0tY = , ɧɨɪɦɢɪɨɜɚɧɧɵɦ ɬɚɤ, ɱɬɨ ( ) ( ') 2 ( ')t t t tY Y E+ = , ɩɚɪɚɦɟɬɪ F
ɨɩɢɫɵɜɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɲɭɦɚ, ɩɪɢɱɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɨɪɦɢɪɨɜɤɢ ɜɪɟɦɟɧɢ
1/2
0~F X
 , ɚ ( )f K  – ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɮɚɡɵ, ɨɩɢɫɵɜɚɸ-
ɳɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤ ɲɭɦɭ: ( ) ( 2 )f fK K Q= + ,
2
2
0
( ) 2f d
Q
K K Q=¨ . Ȼɨɥɟɟ ɫɥɨɠɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ, ɟɫɥɢ ɲɭɦɨɜɨɣ ɫɢɝ-
ɧɚɥ ɜ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɟ ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ ɧɟɡɚɜɢɫɢɦɵɯ ɤɨɦɩɨɧɟɧɬ (ɞɚɥɟɟ
ɭɩɨɦɢɧɚɟɬɫɹ ɤɚɤ ɫɥɭɱɚɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɲɭɦɚ):
1
1 ( ) ( )
M
k k k
k
f tK F K Y
=
= + , ( ) ( ') 2 ( ')i k ikt t t tY Y E E+ = . (4.4) 
ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɭɫ-
ɬɨɣɱɢɜɨɫɬɢ ɪɟɲɟɧɢɣ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (4.3),(4.4). Ⱦɥɹ ɷɬɨɝɨ ɦɨɠɧɨ
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ (4.3) ɞɥɹ ɦɚɥɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɮɚɡɵ
B :
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'( ) ( )f tB FB K Y= , (4.5) 
ɝɞɟ ɲɬɪɢɯ ɨɡɧɚɱɚɟɬ ɩɪɨɢɡɜɨɞɧɭɸ ɩɨ ɚɪɝɭɦɟɧɬɭ. Ʌɹɩɭɧɨɜɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ M , ɡɚ-
ɞɚɸɳɢɣ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɨɫɬɚ ɨɬɤɥɨɧɟɧɢɹ B , ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɭɫɪɟɞɧɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ:
ln '( ) ( )d f t
dt
BM F K Y= = . (4.6) 
Ⱦɥɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɲɭɦɚ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɢɦɟɟɬ ɜɢɞ
1
'( ) ( )
M
k k k
k
f tM F K Y
=
= . (4.7) 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɨɩɪɟɞɟɥɹɟɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ
ɩɨɜɟɞɟɧɢɟ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɪɟɲɟɧɢɹ ɢ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶ,
ɫɛɥɢɠɚɸɬɫɹ ɢɥɢ ɪɚɫɯɨɞɹɬɫɹ ɛɥɢɡɤɢɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɫɨ ɜɪɟɦɟɧɟɦ ɜ ɯɨɞɟ ɟɟ
ɷɜɨɥɸɰɢɢ. ɉɪɢ ɷɬɨɦ, ɤɨɧɟɱɧɨ ɠɟ, ɜ ɨɬɞɟɥɶɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɛɥɢɡɤɢɟ ɫɨ-
ɫɬɨɹɧɢɹ ɦɨɝɭɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɭɞɚɥɹɬɶɫɹ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɩɨɤɚɡɚɬɟɥɟ Ʌɹɩɭɧɨ-
ɜɚ, ɱɬɨ ɧɟ ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ ɢɬɨɝɨɜɨɦɭ ɫɛɥɢɠɟɧɢɸ, ɚ ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɩɨɤɚ-
ɡɚɬɟɥɟ Ʌɹɩɭɧɨɜɚ, ɧɚɨɛɨɪɨɬ, ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɫɨɫɬɨɹɧɢɹ ɦɨɝɭɬ ɪɚɫɯɨɞɢɬɶɫɹ.
4.1.1. ɍɪɚɜɧɟɧɢɟ Ɏɨɤɤɟɪɚ–ɉɥɚɧɤɚ ɢ ɟɝɨ ɫɬɚɰɢɨɧɚɪɧɨɟ ɪɟɲɟɧɢɟ
ɍɪɚɜɧɟɧɢɟ Ɏɨɤɤɟɪɚ–ɉɥɚɧɤɚ ɞɥɹ ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ (4.3), ɩɨɧɢ-
ɦɚɟɦɨɝɨ ɜ ɫɦɵɫɥɟ ɋɬɪɚɬɨɧɨɜɢɱɚ, ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ [94,62]: 
2( , ) ( , ) ( ) ( ) ( , ) 0W t W t f f W t
t
K K F K K K
K K
  ¯s s s   ¯¡ °+  =¡ °¢ ±¡ °s s s¢ ±
. (4.8) 
ȼ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɩɨɬɨɤ ɜɟɪɨɹɬɧɨɫɬɢ S ɩɨɫɬɨɹɧɟɧ:
2( ) ( ) ( ) ( )dW f f W S
d
K F K K K
K
  ¯ =¡ °¢ ± . (4.9) 
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ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɜ ɤɜɚɞɪɚɬɭɪɚɯ, ɤɨɬɨɪɨɟ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɝɪɚ-
ɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ( )W K ɢɦɟɟɬ ɜɢɞ
2
2 2
1( ) exp
( ) ( ) ( )
d dW C
f f f
K Q Z
K K
Z RK
K Z F R
+  ¬­ ­=  ­ ­ ­ ®
¨ ¨ , (4.10) 
ɝɞɟC ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɧɨɪɦɢɪɨɜɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ:
22
1
2 2
0
1exp
( ) ( ) ( )
d dC d
f f f
K Q ZQ
K K
Z RK
K Z F R
+

 ¬­ ­=  ­ ­ ­ ®
¨ ¨ ¨  (4.11) 
– ɚ ɩɨɬɨɤ ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ
2
2 2
0
11 exp
( )
dS C
f
Q R
F R
  ¯ ¬­¡ °­=   ­¡ ° ­ ®¡ °¢ ±
¨ . (4.12) 
Ⱦɥɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɲɭɦɚ ɚɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ
2
1
( , ) ( , ) ( ) ( ) ( , ) 0
M
k k k
k
W t W t f f W t
t
K K F K K K
K K=
  ¯s s s   ¯¡ °+  =¡ °¢ ±¡ °s s s¢ ±
 . (4.13) 
ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨ ɟɝɨ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɜɚɪɢɚɧɬɭ
(4.8), ɟɫɥɢ ɩɨɥɨɠɢɬɶ
2 2 2 2
1 1
( ) ( )
M M
k k k
k k
f fK F K F
= =
=  ɢ 2 2
1
M
k
k
F F
=
= . (4.14) 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɩɢɫɚɧɧɨɟ ɜɵɲɟ ɫɬɚɰɢɨɧɚɪɧɨɟ ɪɟɲɟɧɢɟ (4.10) ɫɩɪɚɜɟɞɥɢɜɨ ɢ
ɜ ɷɬɨɦ ɫɥɭɱɚɟ.
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4.1.2. ɉɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ (4.6), (4.7) ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɫɪɟɞɧɢɟ
ɜɢɞɚ ( ) ( )F tK Y . Ɍɚɤɢɟ ɫɪɟɞɧɢɟ ɞɥɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (4.3),(4.4) ɫ E -
ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦ ɲɭɦɨɦ ɜɵɱɢɫɥɹɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɫɩɨɫɨɛɨɦ [62]: 
( ) ( ) '( ) ( )F t F fK Y F K K= . (4.15) 
Ɂɚɩɢɫɵɜɚɹ ɭɫɪɟɞɧɟɧɢɟ ɤɚɤ ɢɧɬɟɝɪɚɥ ɩɨ ɪɚɜɧɨɜɟɫɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ
ɮɚɡɵ, ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ
2
22
2
2 2
0
''( ) ( )
''( ) 1exp .
( ) ( )
f f
f dC d d
f f
K Q ZQ
K K
M F K K
K RF K Z
Z F R
+
= =
 ¬­ ­=  ­ ­ ­ ®
¨ ¨ ¨
 (4.16) 
Ⱦɥɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɲɭɦɚ ɚɧɚɥɨɝɢɱɧɨ ɩɨɥɭɱɚɟɬɫɹ
2
2
01
''( ) ( ) ( )
M
k k k
k
f f W d
Q
M F K K K K
=
= ¨ . (4.17) 
ɉɪɟɠɞɟ ɱɟɦ ɩɟɪɟɣɬɢ ɤ ɚɧɚɥɢɡɭ ɩɨɥɭɱɟɧɧɵɯ ɮɨɪɦɭɥ ɜ ɤɨɧɤɪɟɬɧɵɯ ɫɢɬɭɚ-
ɰɢɹɯ, ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɟɞɟɥɟ ɫɥɚɛɨɝɨ ɲɭɦɚ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɜɫɟɝɞɚ
ɨɬɪɢɰɚɬɟɥɟɧ: ɜ ɜɟɞɭɳɟɦ ɩɨɪɹɞɤɟ ɩɨ F
2 2
2
01
[ '( )]
2
M
k
k
k
f d
QFM K K
Q=
x  ¨ , (4.18) 
ɝɞɟ M ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɢ ɡɧɚɱɟɧɢɟ 1, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦɭ
ɲɭɦɭ.
4.1.3. ɉɪɢɦɟɪ: ɥɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɵɣ ɨɞɧɨɪɨɞɧɵɣ ɲɭɦ
ȿɫɥɢ ɜ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɟ ɲɭɦ ɚɞɞɢɬɢɜɧɵɣ ɢ ɞɟɣɫɬɜɭɟɬ ɬɨɥɶɤɨ ɧɚ ɨɞɧɭ
ɤɨɦɩɨɧɟɧɬɭ, ɚ ɩɪɟɞɟɥɶɧɵɣ ɰɢɤɥ ɛɥɢɡɨɤ ɤ ɨɤɪɭɠɧɨɫɬɢ, ɬɨ ɩɨɥɭɱɚɟɬɫɹ ɨɞɧɨɤɨɦ-
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ɩɨɧɟɧɬɧɨɟ ɫɬɨɯɚɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫ ( ) 2 sinf K K= . Ɂɞɟɫɶ ɬɚɤɠɟ ɩɪɟɞɩɨ-
ɥɨɠɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɮɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɩɪɟɞɟɥɶɧɨɦ ɰɢɤɥɟ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧ-
ɧɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ
2
2 2 2
1 ctg ctgexp exp
( ) ( ) 2 sin 2
d d d
f f
KQ Q
K Q Z Q
K K K
Z R Z Z K
Z F R Z F
  ¯+ ¡ °+ ¡ °¢ ± ¬  ¬­ ­ ­  =­ ­  ­­  ® ­ ®
¨ ¨ ¨ ,
ɝɞɟ ɤɜɚɞɪɚɬɧɵɟ ɫɤɨɛɤɢ ɨɛɨɡɧɚɱɚɟɬ ɰɟɥɭɸ ɱɚɫɬɶ ɡɚɤɥɸɱɟɧɧɨɝɨ ɜ ɧɢɯ ɜɵɪɚɠɟɧɢɹ.
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɜɢɞɚ ɮɭɧɤɰɢɢ ( )f K ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɦɟɟɬ ɩɟɪɢɨɞ Q ɢ ɩɪɢ
[0, )K Q
2
ctg ctg( ) exp
2 sin sin 2
C dW
Q
K
Z Z KK
Z K F
 ¬ ­= ­ ­ ®¨ ,
1
22 2
exp
21 1
y dx x yS C dy
x y F
+d
d d
 ¬ ¬­ ­­= = ­­ ­ ®­ + + ®
¨ ¨ ,
2
2 1/2 2 3/2 2exp2 (1 ) (1 ) 2
yC dx x ydy
x y
FM
F
+d
d d
 ¬ ¬­ ­­=  ­­  ®­ + + ®¨ ¨
, (4.19) 
Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɤ ɩɨɫɥɟɞɧɢɦ ɮɨɪɦɭɥɚɦ ɜɜɟɞɟɧɵ ɩɟɪɟɦɟɧɧɵɟ ctgx Z= ɢ
ctgy K=  (ɩɟɪɟɯɨɞ ɧɭɠɟɧ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɞɟɥɚɬɶ ɨɱɟɜɢɞɧɨɣ ɫɯɨɞɢɦɨɫɬɶ ɢɧ-
ɬɟɝɪɚɥɨɜ). Ⱦɚɥɶɧɟɣɲɟɟ ɭɩɪɨɳɟɧɢɟ ɮɨɪɦɭɥ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɨɞ-
ɧɚɤɨ ɨɧɢ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɭɞɨɛɧɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ. Ƚɪɚɮɢɤ
ɡɚɜɢɫɢɦɨɫɬɢ ɢɫɤɨɦɨɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ ɩɪɟɞɫɬɚɜ-
ɥɟɧ ɧɚ Ɋɢɫ. 4.1. 
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Ɋɢɫ. 4.1: Ʌɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɵɣ ɨɞɧɨɪɨɞɧɵɣ ɲɭɦ ɜ ɫɢɫɬɟɦɟ ɫ ɤɪɭɝɨɜɵɦ
ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɚ 2F ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ
ɨɬ ɚɦɩɥɢɬɭɞɵ ɲɭɦɚ F . ɉɪɢ ɫɥɚɛɵɯ ɢ ɫɢɥɶɧɵɯ ɲɭɦɚɯ ɞɥɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚ-
ɬɟɥɹ M ɨɬ ɚɦɩɥɢɬɭɞɵ ɲɭɦɚ ɢɦɟɸɬ ɦɟɫɬɨ ɤɜɚɞɪɚɬɢɱɧɵɟ ɚɫɢɦɩɬɨɬɢɤɢ ɫ ɪɚɡɧɵ-
ɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ.
4.1.4. ɉɪɢɦɟɪ: ɫɭɩɟɪɩɨɡɢɰɢɹ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɥɢɧɟɣɧɨ
ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɲɭɦɨɜ
ȼ ɬɟɯ ɠɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ, ɱɬɨ ɢ ɜɵɲɟ (ɩɪɟɞɟɥɶɧɵɣ ɰɢɤɥ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ
ɫɢɫɬɟɦɟ ɛɥɢɡɨɤ ɤ ɨɤɪɭɠɧɨɫɬɢ ɢ ɞɜɢɠɟɧɢɟ ɧɚ ɧɟɦ ɪɚɜɧɨɦɟɪɧɨ), ɷɮɮɟɤɬ ɞɟɣɫɬɜɢɹ
ɲɭɦɚ ɧɚ ɞɜɟ ɤɨɦɩɨɧɟɧɬɵ, ɫɞɜɢɧɭɬɵɟ ɩɨ ɮɚɡɟ ɧɚ /2Q , ɟɫɬɟɫɬɜɟɧɧɨ ɦɨɞɟɥɢɪɨ-
ɜɚɬɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦ ɲɭɦɨɦ ɫ 1( ) 2 sinf K K= ɢ 2( ) 2 cosf K K= . Ⱦɥɹ
ɨɫɪɟɞɧɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɢɦɟɸɬ ɦɟɫɬɨ ɷɮɮɟɤɬɢɜɧɵɟ ɮɭɧɤɰɢɹ
( ) 1 cos(2 )f K % K= + ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɲɭɦɚ 2 2 21 2F F F= + , ɝɞɟ
2 2 2 2
2 1 2 1( )/( )% F F F Fw  + ; ɨɱɟɜɢɞɧɨ, [ 1, 1]%   . ɂɡ ɜɢɞɚ ɮɭɧɤɰɢɢ ( )f K
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ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜ ɫɢɫɬɟɦɟ ɫɢɦɦɟɬɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɚ-
ɦɟɧɵ ( , ) ( , /2)% K % K Qj  + . ȼ ɷɬɨɦ ɫɥɭɱɚɟ
2 2
1 1arctg ctg
( ) 11
d
f
R R %Q R
R Q %%
 ¬ ¬  ¯ + ­ ­ ­­=  ¡ °  ­­  ­­¡ ° ¢ ±  ®  ®¨
,
ɢ ɞɥɹ ɨɫɪɟɞɧɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ( )W K ɢ ɩɨɬɨɤɚ ɜɟɪɨɹɬɧɨɫɬɢ S ɦɨɠɧɨ ɩɨ-
ɥɭɱɢɬɶ:
2 2
1 1arctg ctg
11
( )
1 cos(2 ) 1 cos(2 )
eW C d
Z
K
R %Q R
Q %K Q F %
K
K Z
% K % Z
 ¬ ¬  ¯ + ­­  ­­  ¡ ° ­­  ­­¡ ° ­  ®¢ ± ®+ 
=
+ +¨ ,
2 2
1
1 1arctg ctg
11
0
2
1 cos(2 ) 1 cos(2 )
eC d d
Z
K
R %Q R
Q %K Q F %Q
K
K Z
% K % Z

 ¬ ¬  ¯ + ­­  ­­  ¡ ° ­­  ­­¡ ° ­  ®¢ ± ®+ 
 ¬­ ­ ­ ­ ­= ­ ­ ­+ + ­ ­ ­ ®
¨ ¨ ,
2 2
1 exp
1
S CQ
F %
  ¯ ¬­¡ °=   ­ ­¡ ° ­ ®¢ ±
.
Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɢɦɟɟɬ ɜɢɞ
2
0
2 2
1 cos(2 )
2
1 cos(2 )
1 1exp arctg ctg .
11
C d d
K QQ
K
Z
K
% K
M F K Z
% Z
R %Q R
Q %F %
+ +
=  ×
+
 ¬ ¬ ¬ ­   ¯ + ­ ­ ­ ­ ­­×   ¡ °  ­ ­­  ­­ ­¡ ° ¢ ±  ®  ® ­ ®
¨ ¨
 (4.20) 
Ɂɚɜɢɫɢɦɨɫɬɶ ɢɫɤɨɦɨɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɨɬ ɚɦɩɥɢɬɭɞɵ ɲɭɦɚ F ɢ ɫɭɳɟɫɬ-
ɜɟɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ % ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫ. 4.2. 
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Ɋɢɫ. 4.2: ɋɭɩɟɪɩɨɡɢɰɢɹ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɥɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɨɞɧɨɪɨɞɧɵɯ
ɲɭɦɨɜ. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɚ 2F ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɨɬ F ɢ % .
4.1.5.ɒɭɦ, ɧɟ ɞɨɩɭɫɤɚɸɳɢɣ ɮɚɡɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɮɚɡɨɣ ɛɵɥɨ ɧɟɫɩɪɚɜɟɞɥɢɜɨ,
ɲɭɦ ɞɨɥɠɟɧ ɜɵɡɵɜɚɬɶ ɤɨɧɟɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ. Ɍɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ (ɩɪɢ ɜɜɟɞɟɧɢɢ ɮɚɡɨɜɨɝɨ ɨɩɢɫɚɧɢɹ), ɮɚɡɨɜɨɟ
ɩɪɢɛɥɢɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɫɩɪɚɜɟɞɥɢɜɨ ɤɚɤ ɩɪɢ ɦɚɥɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ ɜ
ɨɛɵɱɧɵɯ ɫɢɫɬɟɦɚɯ, ɬɚɤ ɢ ɩɪɢ ɤɨɧɟɱɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ ɜ ɫɢɫɬɟɦɚɯ, ɝɞɟ
ɩɪɟɞɟɥɶɧɵɣ ɰɢɤɥ ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ Ʌɹ-
ɩɭɧɨɜɚ (ɢɦɟɹ ɜ ɜɢɞɭ ɬɚɤɢɟ ɫɢɫɬɟɦɵ, ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɧɨɣ
ɜɵɲɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɪɢ ɤɨɧɟɱɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ).
ɋɥɭɱɚɢ, ɧɟ ɞɨɩɭɫɤɚɸɳɢɟ ɮɚɡɨɜɨɝɨ ɨɩɢɫɚɧɢɹ, ɬɪɟɛɭɸɬ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢ-
ɡɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɪɢɦɟɪɨɜ ɫɢɫɬɟɦɵ ɫ ɭɫɬɨɣɱɢɜɵɦ ɩɪɟ-
ɞɟɥɶɧɵɦ ɰɢɤɥɨɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɧɞɚɪɬɧɵɣ ɨɫɰɢɥɥɹɬɨɪ ȼɚɧ ɞɟɪ ɉɨɥɹ–
Ⱦɸɮɮɢɧɝɚ:
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2 3(1 ) ( )x x x x bx tN FY  + + =  , (4.21) 
ɝɞɟ ( )tY  – ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɝɚɭɫɫɨɜɫɤɢɣ ɲɭɦ, N ɨɩɢɫɵɜɚɟɬ ɛɥɢɡɨɫɬɶ ɫɢɫɬɟɦɵ ɤ
ɬɨɱɤɟ ɛɢɮɭɪɤɚɰɢɢ ɏɨɩɮɚ, ɚ "ɩɚɪɚɦɟɬɪ Ⱦɸɮɮɢɧɝɚ" b ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɧɟ-
ɢɡɨɯɪɨɧɧɨɫɬɢ ɤɨɥɟɛɚɧɢɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ.
0.1 1.0
àì ï ëèòóäà ø óì à F
0.5
0.4
0.3
0.2
0.1
0.0
0.1
ïî
êà
çà
òå
ëü
Ëÿ
ïó
íî
âà
O
b=0.0
b=0.5
b=1.0
b=1.5
b=2.0
b=2.5
Ɋɢɫ. 4.3: Ɉɫɰɢɥɥɹɬɨɪ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ (4.21), ɩɨɞɜɟɪɠɟɧɧɵɣ ɜɨɡɞɟɣ-
ɫɬɜɢɸ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ. Ɂɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭɧɨɜɚ ɨɬ ɚɦ-
ɩɥɢɬɭɞɵ ɲɭɦɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ 0.2N = ɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ b .
ɇɚ Ɋɢɫ. 4.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ M ɨɬ ɚɦɩɥɢ-
ɬɭɞɵ ɲɭɦɚ F ɩɪɢ 0.2N = ɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ b . Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɪɢ
0.5~b >  (ɪɚɡɭɦɟɟɬɫɹ, ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ N ) ɜ ɧɟɤɨɬɨɪɨɦ ɞɢɚɩɚ-
ɡɨɧɟ ɚɦɩɥɢɬɭɞ ɲɭɦɚ F ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹ-
ɩɭɧɨɜɚ M , ɬɨɝɞɚ ɤɚɤ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ ɡɚɤɨɧ
2
0
lim / 0const
F
M F
l
= <
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ɨɫɬɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜ ɞɥɹ ɜɫɟɯ ɡɧɚɱɟɧɢɣ b . ɉɨ ɦɟɪɟ ɪɨɫɬɚ b ɨɛɥɚɫɬɶ ɩɨɥɨɠɢ-
ɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɪɚɫɲɢɪɹɟɬɫɹ.
4.2. ɋɢɫɬɟɦɵ ɫ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ – ɧɟɢɞɟɚɥɶɧɵɟ
ɫɢɬɭɚɰɢɢ
ɉɪɢ ɨɛɪɚɳɟɧɢɢ ɤ ɜɨɩɪɨɫɭ ɨ ɩɪɨɹɜɥɟɧɢɹɯ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢ ɞɟɫɢɧɯɪɨɧɢ-
ɡɚɰɢɢ ɨɫɰɢɥɥɹɬɨɪɨɜ ɨɛɳɢɦ ɲɭɦɨɦ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ
ɜɨɡɦɨɠɧɵɯ ɧɟɢɞɟɧɬɢɱɧɨɫɬɟɣ ɨɫɰɢɥɥɹɬɨɪɨɜ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɲɭ-
ɦɨɜ ɜ ɫɢɫɬɟɦɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɬɚɤɢɯ ɧɟɢɞɟɚɥɶɧɵɯ ɫɢɬɭɚɰɢɹɯ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚ-
ɟɬ ɧɟ ɬɨɥɶɤɨ ɡɧɚɤ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ M , ɧɨ ɢ ɟɝɨ ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢɱɢɧɚ: ɩɪɢ
ɨɬɪɢɰɚɬɟɥɶɧɵɯ M ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɹɯ ɫɢɫɬɟɦ, ɜɵɡɜɚɧɧɵɟ ɦɚɥɨɣ ɧɟɢɞɟɧ-
ɬɢɱɧɨɫɬɶɸ, ɬɟɦ ɦɟɧɶɲɟ, ɱɟɦ ɛɨɥɶɲɟ M . ɉɨɫɤɨɥɶɤɭ ɜ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɲɭɦ ɜɟ-
ɞɟɬ ɤ ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɫɢɫɬɟɦɵ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɜɟɞɭɬ ɫɟɛɹ ɩɨ-ɪɚɡɧɨɦɭ, ɢɦɟɟɬ
ɫɦɵɫɥ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɨɥɶ ɧɟɢɞɟɧɬɢɱɧɨɫɬɟɣ ɥɢɲɶ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ M . Ⱥɧɚ-
ɥɢɬɢɱɟɫɤɭɸ ɬɟɨɪɢɸ ɭɞɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɜ ɮɚɡɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɝɚɪɚɧɬɢɪɨɜɚɧ-
ɧɨ ɫɩɪɚɜɟɞɥɢɜɨɦ ɩɪɢ ɦɚɥɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ, ɤɨɬɨɪɵɟ ɧɢɠɟ ɢ ɩɪɟɞɩɨɥɚ-
ɝɚɸɬɫɹ.
4.2.1. ɋɥɟɝɤɚ ɧɟɢɞɟɧɬɢɱɧɵɟ ɨɫɰɢɥɥɹɬɨɪɵ
ɗɜɨɥɸɰɢɹ N ɫɥɚɛɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɫɰɢɥɥɹɬɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ
ɫɥɟɞɭɸɳɢɦ ɨɛɨɛɳɟɧɢɟɦ ɮɚɡɨɜɨɝɨ ɭɪɚɜɧɟɧɢɹ (4.3): 
( ) ( ), 1,2,..., ,j j jf t j NK X T F K Y= + + =  (4.22) 
ɝɞɟ jT  – ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬ ɨɫɰɢɥɥɹɬɨɪɨɜ ɨɬ ɫɪɟɞɧɟɣ ɱɚɫɬɨɬɵ,
1
0
N
j
j
T
=
= . Ɉɬ-
ɥɢɱɢɹɦɢ ɜ ɮɭɧɤɰɢɹɯ f ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɜ ɫɢɥɭ ɦɚɥɨɫɬɢ F . Ɇɨɠɧɨ ɨɠɢɞɚɬɶ,
ɱɬɨ ɫɨɫɬɨɹɧɢɹ ɨɫɰɢɥɥɹɬɨɪɨɜ ɛɭɞɭɬ ɛɥɢɡɤɢ ɩɪɢ ɦɚɥɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɚɡɚɬɟ-
ɥɟɦ Ʌɹɩɭɧɨɜɚ ɪɚɫɫɬɪɨɣɤɟ ɱɚɫɬɨɬ: | | | | 1jT M  . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɞɨɛɧɨ ɩɟɪɟɣɬɢ
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ɤ ɧɨɜɵɦ ɩɟɪɟɦɟɧɧɵɦ
1
N
j
j
K K
=
= ɢ j jR K K=  , 1,2,..., 1j N=  . ȼ ɫɜɨɸ
ɨɱɟɪɟɞɶ ɩɪɢ ɦɚɥɵɯ jR ɫɢɫɬɟɦɚ (4.22) ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɩɢɫɚɧɚ ɜ ɜɢɞɟ
( ) ( )f tK X F K Y= + , (4.23) 
'( ) ( )j j jf tR T F K R Y= + . (4.24) 
ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɹ jR ɫ ɪɚɡɥɢɱɧɵɦɢ j ɜɟɞɭɬ ɫɟɛɹ ɧɟɡɚɜɢ-
ɫɢɦɨ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɷɜɨɥɸɰɢɸ ɤɚɠɞɨɝɨ jR ɨɬɞɟɥɶɧɨ ɢ ɨɩɭɫɬɢɬɶ ɢɧɞɟɤɫ
j . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɜɨɥɸɰɢɹ K ɢ R ɨɤɚɡɵɜɚɟɬɫɹ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɞɥɹ ɞɜɭɯ ɫɥɟɝɤɚ
ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɫɰɢɥɥɹɬɨɪɨɜ.
ɇɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ (4.23),(4.24) ɦɨɠɧɨ ɜɵɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ Ɏɨɤɤɟɪɚ–
ɉɥɚɧɤɚ ɞɥɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ( , , )W tK R :
2 2 0W W W W
t
X T F
K R
s s s+ +  =
s s s
Q , (4.25) 
ɝɞɟ ( ( ) ) ( '( ) )g f g f gK K R
K R
s sw +
s s
Q . Ȼɥɚɝɨɞɚɪɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɧɨɪɦɢɪɨɜɤɢ
R ɜ (4.25) ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ T ɩɨɪɹɞɤɚ 2F . Ɋɚɡɥɨɠɟɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɲɟɧɢɹ
ɩɨ ɫɬɟɩɟɧɹɦ 2F ɨɛɧɚɪɭɠɢɜɚɟɬ, ɱɬɨ ɜ ɧɭɥɟɜɨɦ ɩɨɪɹɞɤɟ 0 ( )W w R= , ɚ ɜ ɩɟɪɜɨɦ
ɩɨɪɹɞɤɟ
2 21 0W w wX T F
K R
s s+  =
s s
Q . (4.26) 
ɉɨɞɫɬɚɜɥɹɹ 2 ( )w RQ ɢ ɢɧɬɟɝɪɢɪɭɹ ɭɪɚɜɧɟɧɢɟ (4.26) ɩɨ [0, 2 )K Q , ɦɨɠɧɨ ɩɨ-
ɥɭɱɢɬɶ (ɛɥɚɝɨɞɚɪɹ 2Q -ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 1W ɨɬ K )
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2
2 2 2
2' 4 2
dw d w dwf w
d d d
T F R R
R R R
 ¬­= + + ­ ­ ®
 (4.27) 
(ɡɞɟɫɶ
2
2 1 2
0
' (2 ) ' ( )f f d
Q
Q K Kw ¨ ). ɉɪɢ 0T = ɪɟɲɟɧɢɟɦ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟ-
ɧɢɹ ɹɜɥɹɟɬɫɹ E -ɮɭɧɤɰɢɹ. ȿɫɥɢ 0T v , ɭɪɚɜɧɟɧɢɟ (4.27) ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɩɢɫɚɧɨ
ɜ ɜɢɞɟ
2
2
2 (4 1) 2 0
d w dwx x w
dx dx
+  + = , (4.28) 
ɝɞɟ 2 2 1 1' | |x fF T R M T R w = . ɉɨɫɥɟɞɧɟɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɭɞɨɛ-
ɧɨ ɪɟɲɚɬɶ ɫ ɩɨɦɨɳɶɸ ɡɚɦɟɧɵ 2( ) ( )/w x h x x= . ɋ ɭɱɟɬɨɦ ɭɫɥɨɜɢɹ ɧɨɪɦɢɪɨɜɤɢ
1( ) (2 )w dR R Q
+d

d
=¨ , ɫɬɚɰɢɨɧɚɪɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (4.28) ɩɪɢɧɢɦɚɟɬ
ɜɢɞ:
2 exp , 0;2( )
0, 0.
w
T T TR
Q M R M RR
TR
£  ¬¦ ­¦  ­ >¦  ­¦  ­=  ®¤¦¦ b¦¦¥
 (4.29) 
ɇɟɫɦɨɬɪɹ ɧɚ ɬɚɤɨɣ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ, ɷɬɚ ɮɭɧɤɰɢɹ ɛɟɫɤɨɧɟɱɧɨ ɝɥɚɞɤɚ ɜ 0R = .
ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɞɥɹ ɩɚɪɵ ɨɫɰɢɥɥɹɬɨɪɨɜ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɨɞɧɨɦɭ ɢ ɬɨ-
ɦɭ ɠɟ ɲɭɦɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɮɚɡɚ ɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ ɧɢɤɨɝɞɚ ɧɟ
ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɡɚɞɢ ɮɚɡɵ ɦɟɞɥɟɧɧɨɝɨ. ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɡɞɟɫɶ ɧɟ ɭɱɢ-
ɬɵɜɚɸɬɫɹ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɮɚɡɵ ɧɚ 2 nQ .
Ⱦɥɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ (4.29) ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɦɨɦɟɧɬɵ
( )| | / | | (1 )kk kR T M= (   (4.30) 
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(ɡɞɟɫɶ (  – ɝɚɦɦɚ ɮɭɧɤɰɢɹ) ɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɟ ɡɧɚɱɟɧɢɟ mp 2 | |
TR
M
= . Ɉɬɫɸ-
ɞɚ ɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɨɫɬɶ ɮɚɡ R ɦɚɥɚ ɩɪɢ | | | |T M . Ɏɨɪɦɭɥɚ (4.30) ɞɚɟɬ ɤɨɧɟɱɧɵɟ
ɦɨɦɟɧɬɵ ɬɨɥɶɤɨ ɩɪɢ 1k < . ɋɬɚɪɲɢɟ ɦɨɦɟɧɬɵ ɪɚɫɯɨɞɹɬɫɹ ɛɥɚɝɨɞɚɪɹ ɫɬɟɩɟɧ-
ɧɵɦ ɚɫɢɦɩɬɨɬɚɦ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ( )w R . Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɤɨ-
ɧɟɱɧɵɟ ɦɨɦɟɧɬɵ R , ɧɟɨɛɯɨɞɢɦɨ ɜɵɯɨɞɢɬɶ ɡɚ ɪɚɦɤɢ ɥɢɧɟɣɧɨɝɨ ɩɨ R ɩɪɢɛɥɢɠɟ-
ɧɢɹ ɞɚɠɟ ɞɥɹ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɣ ɪɚɫɫɬɪɨɣɤɢ ɱɚɫɬɨɬ T .
ȼ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɟɞɟɥɟ N ld ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɫɪɟɞɧɢɟ
ɩɨ ɚɧɫɚɦɛɥɸ ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɨɜ ɨɬɤɥɨɧɟɧɢɣ ɫɨɫɬɨɹɧɢɣ
ens
(1 ) | | ( )k k kk F dR M T T T
+d

d
= (  ¨ ,
ɝɞɟ ( )F T  – ɪɚɫɩɪɟɞɟɥɟɧɢɟ T .
4.2.2. Ɇɚɥɵɣ ɜɧɭɬɪɟɧɧɢɣ ɲɭɦ
ȼɩɨɥɧɟ ɨɛɵɱɧɚ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ N ɢɞɟɧɬɢɱɧɵɯ ɫɢɫɬɟɦ, ɩɨɞɜɟɪɠɟɧɧɵɯ
ɢɞɟɧɬɢɱɧɨɦɭ ɜɧɟɲɧɟɦɭ ɲɭɦɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ( )tY , ɢɫɩɵɬɵɜɚɸɬ ɬɚɤɠɟ ɜɥɢɹ-
ɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɟɡɚɜɢɫɢɦɵɯ (ɧɚɩɪɢɦɟɪ, ɬɟɩɥɨɜɵɯ) ɲɭɦɨɜ ( )j tI . Ⱦɢɧɚ-
ɦɢɤɚ ɮɚɡɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ
( ) ( ) ( ) ( ), 1,2,..., ,j j j j j jf t g t j NK X F K Y H K I= + + =  (4.31) 
ɝɞɟ ɮɭɧɤɰɢɢ f ɢ jg ɧɨɪɦɢɪɨɜɚɧɵ:
2 2 1jf g= =  ,  F ɢ jH  – ɚɦɩɥɢɬɭɞɵ ɲɭɦɚ,
ɢ
( ) ( ') 2 ( ')t t t tY Y E+ = ,
( ) ( ') 2 ( ')j k jkt t t tI I E E+ = ,
( ) ( ') 0jt t tY I + = .
- 122 -
ɉɨɞɨɛɧɨ ɫɥɭɱɚɸ ɧɟɢɞɟɧɬɢɱɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɦɨɠɧɨ ɜɜɟɫɬɢ ɮɚɡɭ K , ɨɩɪɟɞɟ-
ɥɹɟɦɭɸ ɭɪɚɜɧɟɧɢɟɦ (4.23), ɢ ɞɥɹ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɣ jR ɩɨɥɭɱɢɬɶ
'( ) ( ) ( ) ( )f t g tR F K RY H K I= + , (4.32) 
ɝɞɟ ɢɧɞɟɤɫ j ɜɧɨɜɶ ɨɩɭɳɟɧ, ɤɚɤ ɢ ɪɚɧɟɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɪɚɜ-
ɧɟɧɢɟ Ɏɨɤɤɟɪɚ–ɉɥɚɧɤɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ
2
2 2 2 2
2( ) 0
W W Wg W
t
X H K F
K R
s s s+   =
s s s
Q . (4.33) 
ɋɬɚɰɢɨɧɚɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ
ɩɨɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥɚɧɨ ɜɵɲɟ ɞɥɹ ɫɥɭɱɚɹ ɧɟɢɞɟɧɬɢɱɧɵɯ ɨɫɰɢɥɥɹ-
ɬɨɪɨɜ (4.25). ȼɦɟɫɬɨ ɭɪɚɜɧɟɧɢɹ (4.27) ɬɟɩɟɪɶ ɩɨɥɭɱɚɟɬɫɹ
2 2
2 2 2 2
2 2' 4 2 0
d w d w dwf w
d d d
H F R R
R R R
 ¬­+ + + =­ ­ ®
, (4.34) 
ɝɞɟ ɛɥɚɝɨɞɚɪɹ ɭɫɥɨɜɢɸ ɧɨɪɦɢɪɨɜɤɢ 2 1g = ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɮɭɧɤɰɢɣ g ɢɫɱɟɡɚ-
ɟɬ. ɉɨɫɥɟ ɢɡɦɟɧɟɧɢɹ ɦɚɫɲɬɚɛɚ ɤɨɨɪɞɢɧɚɬ
2'f
x
M RF R
H H
w = ɩɨɫɥɟɞɧɟɟ
ɭɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɩɢɫɚɧɨ ɜ ɜɢɞɟ
2
2
2( 1) 4 2 0
d w dwx x w
dx dx
+ + + = , (4.35) 
ɢ ɪɟɲɟɧɨ ɫ ɩɨɦɨɳɶɸ ɩɪɟɠɧɟɣ ɡɚɦɟɧɵ 2( ) ( )/w x h x x= . ɋ ɭɱɟɬɨɦ ɭɫɥɨɜɢɹ
ɧɨɪɦɢɪɨɜɤɢ ɪɟɲɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɜɢɞ ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ
1
2
22
( ) 1
2
w
MHR R
HQ M
  ¯
¡ °= +¡ °¢ ±
. (4.36) 
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Ɋɢɫ. 4.4: Ɋɟɚɥɢɡɚɰɢɢ ɪɚɡɧɨɫɬɢ 2 21 2 1 2( ) ( )D x x x xw  +   ɦɟɠɞɭ ɞɜɭɦɹ
ɫɢɫɬɟɦɚɦɢ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ (4.21). Ʌɟɜɵɣ ɝɪɚɮɢɤ: ɨɛɳɢɣ ɝɚɭɫɫɨɜɫɤɢɣ
ɛɟɥɵɣ ɲɭɦ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɨɫɰɢɥɥɹɬɨɪɵ ɫ ɦɚɥɨɣ ɪɚɫɫɬɪɨɣɤɨɣ ɱɚɫɬɨɬ (ɭɪɚɜɧɟ-
ɧɢɹ (4.37),(4.38) ɩɪɢ 410T = ). ɉɪɚɜɵɣ ɝɪɚɮɢɤ: ɢɞɟɧɬɢɱɧɵɟ ɨɫɰɢɥɥɹɬɨɪɵ
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɥɟɝɤɚ ɨɬɥɢɱɚɸɳɢɯɫɹ ɲɭɦɨɜ (ɭɪɚɜɧɟɧɢɹ (4.39),(4.40) ɩɪɢ
4/ 2 10H F = × ). ɉɚɪɚɦɟɬɪɵ: 0.2N = , 1b = , 0.2F = .
ɉɨɞɨɛɧɨ (4.29) ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ (4.36) ɢɦɟɟɬ ɫɬɟ-
ɩɟɧɧɵɟ ɚɫɢɦɩɬɨɬɵ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɛɨɥɶɲɢɯ ɮɥɭɤɬɭɚɰɢɣ
ɞɥɹ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɵɯ H . ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ (ɦɚɥɚɹ ɪɚɫɫɬɪɨɣɤɚ ɢ ɦɚɥɚɹ ɧɟɢɞɟɧ-
ɬɢɱɧɨɫɬɶ ɲɭɦɚ) ɷɬɢ ɮɥɭɤɬɭɚɰɢɢ ɢɦɟɸɬ ɜɢɞ ɜɫɩɥɟɫɤɨɜ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɜɨ ɜɪɟ-
ɦɟɧɢ (Ɋɢɫ. 4.4), ɩɨɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɞɪɭɝɢɯ ɫɥɭɱɚɟɜ ɧɟɢɞɟ-
ɚɥɶɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ [85]. 
ȼ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɟɞɟɥɟ N ld ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɫɪɟɞɧɢɟ
ɩɨ ɚɧɫɚɦɛɥɸ ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɨɜ ɨɬɤɥɨɧɟɧɢɣ ɫɨɫɬɨɹɧɢɣ
/2ens
0
1 ( )
| | cos( /2)
k k
k G dk
R H H H
M Q
+d
= ¨ ,
ɝɞɟ ( )G H  – ɪɚɫɩɪɟɞɟɥɟɧɢɟ H .
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Ɋɢɫ. 4.5: Ɂɚɜɢɫɢɦɨɫɬɢ 12( )V F ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢ 0.2N = ɢ 0.002T = ɞɥɹ
ɩɚɪɵ ɨɫɰɢɥɥɹɬɨɪɨɜ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ ɩɨɞɜɟɪɠɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɛɟ-
ɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ (4.37),(4.38). 
4.2.3. ɇɟɢɞɟɚɥɶɧɵɟ ɫɢɬɭɚɰɢɢ – ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ
ɑɬɨɛɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɟɪɟɯɨɞ ɫɢɧɯɪɨɧɢɡɚɰɢɹ–
ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɹ ɜ ɫɢɫɬɟɦɟ (4.21) ɜ ɧɟɢɞɟɚɥɶɧɵɯ ɫɢɬɭɚɰɢɹɯ, ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ
ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɭɯ ɫɥɟɝɤɚ ɧɟɢɞɟɧɬɢɱɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ȼɚɧ ɞɟɪ
ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɨɞɧɨɦɭ ɲɭɦɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ
2 3
1 1 1 1 1(1 ) (1 ) ( )x x x x bx tN T FY  + + + =  , (4.37) 
2 3
2 2 2 2 2(1 ) (1 ) ( )x x x x bx tN T FY  +  + =  , (4.38) 
ɢ ɞɜɭɯ ɢɞɟɧɬɢɱɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ, ɩɨɞɜɟɪɠɟɧɧɵɯ
ɫɥɟɝɤɚ ɨɬɥɢɱɚɸɳɟɦɭɫɹ ɲɭɦɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ
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Ɋɢɫ. 4.6: Ɂɚɜɢɫɢɦɨɫɬɢ 12( )V F ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢ 0.2N = ɢ / 0.01H F =
ɞɥɹ ɩɚɪɵ ɢɞɟɧɬɢɱɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ ɩɨɞɜɟɪɠɟɧɧɵɯ
ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɵɯ ɛɟɥɵɯ ɝɚɭɫɫɨɜɫɤɢɯ ɲɭɦɨɜ (4.39),(4.40). 
2 3
1 1 1 1 1(1 ) ( ) ( )x x x x bx t tN FY HI  + + = +  , (4.39) 
2 3
2 2 2 2 2(1 ) ( ) ( )x x x x bx t tN FY HI  + + =   . (4.40) 
ɋɬɟɩɟɧɶ ɫɢɧɯɪɨɧɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɪɟɞɧɟɣ ɪɚɡɧɨɫɬɶɸ
2 2
12 1 2 1 2( ) ( )V x x x x=  +   . Ɂɚɜɢɫɢɦɨɫɬɶ 12( )V F ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ ɜ ɨɛɥɚɫ-
ɬɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ (ɫɦ. Ɋɢɫ. 4.5, 4.6, ɫɪ.
Ɋɢɫ. 4.3). 
Ɍɚɤɠɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɛɨɥɶɲɨɝɨ ɚɧɫɚɦɛɥɹ
ɫɥɟɝɤɚ ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɫɰɢɥɥɹɬɨɪɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɨɞɧɨɝɨ ɢ
ɬɨɝɨ ɠɟ ɲɭɦɚ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɧɚ ɩɥɨɫɤɨɫɬɢ ( , )x x ɜ ɧɟɤɨɬɨ-
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ɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɥɨɤɚɥɢɡɨɜɚɧɨ ɞɥɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ
Ʌɹɩɭɧɨɜɚ ɢ ɢɦɟɟɬ ɲɢɪɨɤɨ ɪɚɫɤɢɧɭɜɲɭɸɫɹ ɮɪɚɤɬɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ – ɞɥɹ ɩɨɥɨ-
ɠɢɬɟɥɶɧɵɯ (Ɋɢɫ. 4.7). ɗɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɜɟɱɚɸɬ ɪɚɡɥɢɱɧɵɦ ɬɢɩɚɦ ɦɝɧɨɜɟɧ-
ɧɵɯ ɚɬɬɪɚɤɬɨɪɨɜ ɫɢɫɬɟɦɵ (4.21) (ɫɦ. [95]).  
Ɋɢɫ. 4.7: Ɇɨɦɟɧɬɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɨɹɧɢɣ ɜ ɚɧɫɚɦɛɥɟ 10000 ɨɫɰɢɥɥɹ-
ɬɨɪɨɜ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ jT ɜ ɢɧɬɟɪɜɚ-
ɥɟ [ 0.01; 0.01] , ɩɨɞɜɟɪɠɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɨɛɳɟɝɨ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ
ɲɭɦɚ ɩɪɢ 0.2N = ɢ 1b = . Ɍɪɢ ɜɵɛɪɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɚɦɩɥɢɬɭɞɵ ɲɭɦɚ F
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ( 0.2F = , ɫɨɫɬɨɹɧɢɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ
(1.82; 2.07) ; ɢ 2.5F = , ɫɨɫɬɨɹɧɢɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ (1.76; 3.29) ) ɢ
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ( 1F = ) ɡɧɚɱɟɧɢɹɦ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ.
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4.3. ɋɢɫɬɟɦɵ ɫ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ – ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ
ɉɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɚɫɫɦɚɬ-
ɪɢɜɚɜɲɟɝɨɫɹ ɜɵɲɟ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɫ ɬɨɱɤɢ
ɡɪɟɧɢɹ ɜɵɹɫɧɟɧɢɹ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɫɭɳɟɫɬɜɟɧɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨ-
ɫɥɟɞɧɟɝɨ, ɢ ɛɭɞɟɬ ɥɢ ɫɢɬɭɚɰɢɹ ɚɧɚɥɨɝɢɱɧɚ ɞɥɹ ɲɭɦɨɜ ɫ ɞɪɭɝɢɦɢ ɫɜɨɣɫɬɜɚɦɢ.
Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ ɢɧɬɟɪɟɫɟɧ ɬɚɤɠɟ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɚɤɨɦɭ ɫɢɝɧɚ-
ɥɭ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɜɢɞɧɵɦ ɨɛɪɚɡɨɦ ɫɨɩɨɫɬɚɜɥɟɧ ɫɬɭɩɟɧɱɚɬɵɣ ɩɟɪɢɨɞɢɱɟɫɤɢɣ
ɫɢɝɧɚɥ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɮɮɟɤɬɨɜ ɬɚɤɢɯ ɫɢɝɧɚɥɨɜ ɦɨɠɟɬ ɩɨɦɨɱɶ ɜ ɩɨɧɢɦɚɧɢɢ
ɦɟɯɚɧɢɡɦɨɜ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɛɳɢɦ ɲɭɦɨɦ.
ȼɧɨɜɶ, ɢɫɯɨɞɢɦ ɢɡ ɮɚɡɨɜɨɝɨ ɭɪɚɜɧɟɧɢɹ
( ) ( )f tK X F K Y= + , (4.41) 
ɝɞɟ 2 /Q X  – ɩɟɪɢɨɞ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ ɫɢɫɬɟɦɵ ɛɟɡ ɲɭɦɚ, F  – ɚɦɩɥɢɬɭɞɚ ɲɭ-
ɦɚ, ( )f K  – ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɤ ɲɭɦɭ,
2
2
0
( ) 2f d
Q
K K Q=¨ , ɚ ( )tY  – ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ. ɉɨɞ ɧɨɪɦɢ-
ɪɨɜɚɧɧɵɦ ɬɟɥɟɝɪɚɮɧɵɦ ɲɭɦɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɫɢɝɧɚɥ, ɩɪɢɧɢɦɚɸɳɢɣ ɡɧɚɱɟ-
ɧɢɹ 1± ɢ ɦɝɧɨɜɟɧɧɨ ɩɟɪɟɤɥɸɱɚɸɳɢɣɫɹ ɦɟɠɞɭ ɧɢɦɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɟɪɨɹɬɧɨ-
ɫɬɶɸ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɧɟ ɡɚɜɢɫɹɳɟɣ ɨɬ ɩɪɟɞɵɫɬɨɪɢɢ; ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɦɟɠɞɭ ɩɟɪɟ-
ɤɥɸɱɟɧɢɹɦɢ U .
4.3.1. Ɍɟɥɟɝɪɚɮɧɵɣ ɲɭɦ – ɦɚɫɬɟɪ–ɭɪɚɜɧɟɧɢɟ
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɭɞɨɛɧɨ
ɜɜɟɫɬɢ ɞɜɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ( , )W tK± , ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɢɬɶ ɫɢɫɬɟɦɭ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ K ɫ 1Y = ± , ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t . Ⱦɥɹ ɷɬɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɦɚɫɬɟɪ ɭɪɚɜɧɟɧɢɟ ɩɪɢɧɢ-
ɦɚɟɬ ɜɢɞ:
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[ ]( , ) 1 1( ( )) ( , ) ( , ) ( , )W t f W t W t W t
t
K
X F K K K K
K U U
+
+  +
s s+ + = 
s s
, (4.42) 
[ ]( , ) 1 1( ( )) ( , ) ( , ) ( , )W t f W t W t W t
t
K X F K K K K
K U U

 + 
s s+  = 
s s
. (4.43) 
ȼ ɬɟɪɦɢɧɚɯW W W+ = + ɢV W W+ =  ɩɨɫɥɟɞɧɹɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ
ɩɟɪɟɩɢɫɚɧɚ ɤɚɤ
( )W W fVK KX F=   , (4.44) 
1( ) 2V V fW VK KX F U
=    . (4.45) 
Ⱦɥɹ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɩɨɬɨɤ ɜɟɪɨɹɬɧɨɫɬɢ S ɩɨɫɬɨɹɧɟɧ:
( ) ( ) ( )S W f VX K F K K= + ;
ɢ ɫɢɫɬɟɦɚ (4.44),(4.45) ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢɦɟɟɬ ɪɟɲɟ-
ɧɢɟ
2
2 2 2 2 2 2
2( ) '( )exp
( ) ( )
C dV d f
f f
K Q Z
K K
FX RK Z Z
X F K U X F R
+  ¬­ ­=  ­ ­  ­ ®
¨ ¨ , (4.46) 
ɝɞɟ ɤɨɧɫɬɚɧɬɚC ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɧɨɪɦɢɪɨɜɤɢ
2
0
( ) 2W d
Q
K K Q=¨ :
2
1
2 2 2
0
22
2
2 2 2 2 2 2
0
22 exp 1
( )
( ) '( ) 2exp .
( ) ( )
dC
f
f f dd d
f f
Q
K Q ZQ
K K
RQ
U X F R
K Z RF K Z
X F K U X F R

+
 ¬ ¬ ­ ­ ­­ =  +­­  ­­   ­ ® ®
 ¬­ ­+ ­ ­  ­ ®
¨
¨ ¨ ¨
 (4.47) 
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɬɨɤ ɜɟɪɨɹɬɧɨɫɬɢ
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¨ .
4.3.2. Ɍɟɥɟɝɪɚɮɧɵɣ ɲɭɦ – ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ
Ɇɚɥɵɟ ɜɨɡɦɭɳɟɧɢɹ B ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɹ (4.41), ɤɚɤ ɢ ɩɪɟɠɞɟ, ɩɨɞɱɢ-
ɧɹɸɬɫɹ ɭɪɚɜɧɟɧɢɸ
'( ) ( )f tB FB K Y= ,
ɢ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ
2
0
22
2
2 2 2 2 2 2
0
ln '( ) ( ) '( ) ( )
'( ) '( ) 2exp .
( ) ( )
d f t f V d
dt
f f dC d d
f f
Q
K Q ZQ
K K
BM F K Y F K K K
K Z RF X K Z
X F K U X F R
+
= = = =
 ¬­ ­=  ­ ­  ­ ®
¨
¨ ¨ ¨
 (4.48) 
ȼɵɪɚɠɟɧɢɟ (4.48) ɦɨɠɟɬ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɟɧɨ ɩɪɢ 1U  ɢɥɢ
F X :
2
2
2 2 2
2
0 0
app 4
'( ) '( )
2 1
d d f f e
e
Q Q Z
UX
Q
UX
K Z K Z K
FM
QX
+
= 

¨ ¨
. (4.49) 
ɉɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɜɫɟɝɞɚ ɨɬɪɢɰɚɬɟɥɶɧɨ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɜ Ɏɭɪɶɟ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟ ɨɧɨ ɩɪɢɧɢɦɚɟɬ ɜɢɞ:
2
22
app 2 2
1 1 ( /2)
k
k
kC
k
M XUF
UX
d
=
= 
+ , (4.50) 
ɝɞɟ
2
1
0
(2 ) ( ) ikkC f e d
Q
KQ K K = ¨ .
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Ɋɢɫ. 4.8: ɉɪɢɦɟɪɵ ɡɚɜɢɫɢɦɨɫɬɟɣ ( , )M F U ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɨ ɨɫɰɢɥɥɹɬɨɪɚ
ȼɚɧ ɞɟɪ ɉɨɥɹ (4.51) ɩɪɢ 0.1N = . Ʌɢɧɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɮɚɡɨɜɨɝɨ ɨɩɢɫɚɧɢɹ, ɬɪɟɭɝɨɥɶɧɢɤɢ – ɩɪɢɛɥɢɠɟɧɢɹ (4.49), ɚ ɤɪɭɝɢ ɨɬ-
ɜɟɱɚɸɬ ɱɢɫɥɟɧɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɫɢɫɬɟɦɵ (4.51). 
Ɋɢɫ. 4.9: ɉɪɢɦɟɪɵ ɡɚɜɢɫɢɦɨɫɬɟɣ ( , )M F U ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ
ȼɚɧ ɞɟɪ ɉɨɥɹ (4.51) ɩɪɢ 0.1N = ɩɪɢ ɲɭɦɨɜɨɦ (ɤɪɭɝɢ) ɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ
(ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɜɨɡɞɟɣɫɬɜɢɢ.
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4.3.2. Ɍɟɥɟɝɪɚɮɧɵɣ ɲɭɦ – ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥɵ (4.50), ɩɪɢ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɥɢ ɱɚɫɬɵɯ ɩɟɪɟ-
ɤɥɸɱɟɧɢɹɯ ɜ ɪɚɦɤɚɯ ɮɚɡɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ ɜɟɞɟɬ ɤ ɫɢɧɯɪɨ-
ɧɢɡɚɰɢɢ ɩɪɢ ɥɸɛɵɯ ɝɥɚɞɤɢɯ ɮɭɧɤɰɢɹɯ f . Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɢɬɭɚɰɢɹ ɢɦɟɥɚ ɦɟɫɬɨ
ɪɚɧɟɟ ɞɥɹ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ: ɫɥɚɛɵɣ ɲɭɦ ɜɟɞɟɬ ɤ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɥɸ-
ɛɵɯ ɝɥɚɞɤɢɯ ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ – ɨɞɧɚɤɨ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɭɦɟɪɟɧ-
ɧɵɣ ɲɭɦ ɦɨɝ ɜɟɫɬɢ ɤ ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɢ. ȼ ɫɜɟɬɟ ɷɬɨɝɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ
ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ:
x Ʉɚɤɨɜɚ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɢɦɨɫɬɢ ɩɨɫɬɪɨɟɧɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ?
x Ɉɛɧɚɪɭɠɢɜɚɟɬ ɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɫɥɟɞɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɟ-
ɪɢɨɞɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ?
x Ɇɨɠɟɬ ɥɢ ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ ɜɟɫɬɢ ɤ ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɢ?
Ⱦɥɹ ɨɬɜɟɬɚ ɧɚ ɩɟɪɜɵɟ ɞɜɚ ɜɨɩɪɨɫɚ ɩɪɨɢɡɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚ-
ɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ ȼɚɧ ɞɟɪ ɉɨɥɹ:
( )2 21 2 ( )x x x x x tN F Y   + =   , (4.51) 
ɝɞɟ ( )tY  – ɥɢɛɨ ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɬɟɥɟɝɪɚɮɧɵɣ ɲɭɦ ɫɨ ɫɪɟɞɧɢɦ ɜɪɟɦɟɧɟɦ ɩɟɪɟ-
ɤɥɸɱɟɧɢɣ U , ɥɢɛɨ [ ]( ) sign cos( / )t tY Q U= , ɬ.ɟ. ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɫ ɩɨ-
ɫɬɨɹɧɧɵɦ ɜɪɟɦɟɧɟɦ ɩɟɪɟɤɥɸɱɟɧɢɣ U . ɉɪɢɦɟɱɚɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɣ ɫɢɫ-
ɬɟɦɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ 0N > ɨɧɚ ɢɦɟɟɬ ɤɪɭɝɨɜɨɣ
ɭɫɬɨɣɱɢɜɵɣ ɩɪɟɞɟɥɶɧɵɣ ɰɢɤɥ ɟɞɢɧɢɱɧɨɝɨ ɪɚɞɢɭɫɚ. Ɉɞɧɚɤɨ, ɮɚɡɨɜɨɟ ɭɪɚɜɧɟɧɢɟ
(4.41) ɫ 1X = ɢ ɩɪɨɫɬɨɣ ɮɭɧɤɰɢɟɣ ( ) 2 cosf K K= ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚ-
ɧɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦɵ, ɬɨɥɶɤɨ ɟɫɥɢ ɦɨɞɭɥɶ ɮɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɛɥɢɡɨɤ ɤ ɩɨɫɬɨ-
ɹɧɧɨɦɭ ɩɨ ɜɫɟɦɭ ɰɢɤɥɭ, ɱɬɨ ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɩɪɢ ɦɚɥɵɯ N .
ɇɚ Ɋɢɫ. 4.8 ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɮɚɡɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɚɧɚ-
ɥɢɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɯɨɪɨɲɟɦ ɫɨɝɥɚɫɢɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɱɢɫɥɟɧɧɨɝɨ
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ɫɱɟɬɚ ɞɥɹ ɫɢɫɬɟɦɵ (4.51) ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɦɚɥɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ. Ɍɚɤ ɠɟ ɡɚ-
ɫɥɭɠɢɜɚɟɬ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ( , )M F U ɞɥɹ ɲɭɦɨɜɨɝɨ ɜɨɡɞɟɣɫɬ-
ɜɢɹ ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬ ɧɢɤɚɤɢɯ ɫɥɟɞɨɜ ɬɚɤɨɜɨɣ ɞɥɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ
(Ɋɢɫ. 4.9). 
Ɋɢɫ. 4.10: ɉɪɢɦɟɪɵ ɡɚɜɢɫɢɦɨɫɬɟɣ ( , )M F U ɞɥɹ ɨɫɰɢɥɥɹɬɨɪɚ ȼɚɧ ɞɟɪ ɉɨɥɹ–
Ⱦɸɮɮɢɧɝɚ (4.52) ɩɪɢ 0.1N = .
ɏɨɬɹ ɫɢɫɬɟɦɚ (4.51) ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ Ʌɹɩɭ-
ɧɨɜɚ ɩɪɢ ɥɸɛɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ ɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ N , ɨɧɢ ɦɨɝɭɬ ɧɚ-
ɛɥɸɞɚɬɶɫɹ ɞɥɹ ɦɨɞɟɥɢ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ (ɬɨ ɠɟ ɫɚɦɨɟ ɢɦɟɥɨ ɦɟɫɬɨ ɞɥɹ
ɝɚɭɫɫɨɜɫɤɨɝɨ ɛɟɥɨɝɨ ɲɭɦɚ):
( )2 31 2 2 2 ( )x x x x bx tN F Y  + + =  , (4.52) 
ɝɞɟ "ɩɚɪɚɦɟɬɪ Ⱦɸɮɮɢɧɝɚ" b ɨɩɢɫɵɜɚɟɬ ɧɟɢɡɨɯɪɨɧɧɨɫɬɶ ɬɪɚɟɤɬɨɪɢɣ. ɇɚ
Ɋɢɫ. 4.10 ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ b ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɡɧɚɱɟ-
ɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟ-
ɥɹ Ʌɹɩɭɧɨɜɚ.
Ɂɞɟɫɶ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɫɥɚɛɨ-ɧɟɢɞɟɧɬɢɱɧɵɯ ɫɢɫɬɟɦ, ɩɨ-
ɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥɚɧɨ ɞɥɹ ɛɟɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ (ɪɚɡɞɟɥɵ 4.2.1,
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4.2.2), ɩɨɫɤɨɥɶɤɭ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɟɟ ɫɥɨɠɧɵɣ ɜɵɜɨɞ, ɜɫɟ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɜ ɬɨɱɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɨɞɹɬɫɹ ɥɢɲɶ ɫ ɡɚɦɟɧɨɣ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɧɚ
appM , ɨɩɪɟɞɟɥɹɟɦɨɟ ɮɨɪɦɭɥɨɣ (4.49). 
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Ɂɚɤɥɸɱɟɧɢɟ
Ƚɥɚɜɚ 1: ɉɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ
ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɨɜɚɧɚ ɬɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ
ɫɦɟɫɢ ɜ ɩɨɞɨɝɪɟɜɚɟɦɨɦ ɫɧɢɡɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɩɪɢ ɧɚɥɢ-
ɱɢɢ ɦɨɞɭɥɹɰɢɢ ɩɨɥɹ ɬɹɠɟɫɬɢ. Ⱦɥɹ ɫɥɭɱɚɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟ-
ɪɟɡ ɝɪɚɧɢɰɵ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɋɨɪɟ ɜɵɜɟɞɟɧɵ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɧɟɥɢ-
ɧɟɣɧɭɸ ɞɢɧɚɦɢɤɭ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɫɬɪɭɤɬɭɪ ɩɪɢ ɤɨɧɟɱɧɨɣ ɧɚɞɤɪɢɬɢɱɧɨɫɬɢ.
Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɢɫɫɥɟɞɨɜɚɧɚ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɥɢɧɧɨɜɨɥɧɨɜɵɦ ɜɨɡɦɭɳɟɧɢɹɦ ɜ ɨɬɫɭɬɫɬɜɢɢ
ɦɨɞɭɥɹɰɢɢ: ɧɚɣɞɟɧɵ ɝɪɚɧɢɰɵ ɦɨɧɨɬɨɧɧɨɣ ɢ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɟɣ.
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ
ɢɫɫɥɟɞɨɜɚɧɚ ɥɢɧɟɣɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɨɡɦɭɳɟɧɢɹɦ
ɤɨɧɟɱɧɨɣ ɞɥɢɧɵ. ɗɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɞɥɢɧɧɨɜɨɥɧɨɜɵɟ ɜɨɡɦɭɳɟɧɢɹ,
ɞɟɣɫɬɜɢɬɟɥɶɧɨ, ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɨɩɚɫɧɵɦɢ.
ɉɨɫɬɪɨɟɧɧɚɹ ɜ ɥɢɧɟɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɞɥɢɧɧɨɜɨɥɧɨɜɵɯ ɜɨɡɦɭɳɟɧɢɣ
ɬɟɨɪɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɞɥɢɧɚ ɜɨɥɧɵ ɜɨɡɦɭɳɟɧɢɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɦɨɞɭɥɹɰɢɢ ɨɩɪɟɞɟ-
ɥɹɟɬ ɥɢɲɶ ɯɚɪɚɤɬɟɪɧɵɣ ɦɚɫɲɬɚɛ ɜɪɟɦɟɧɧɨɣ ɷɜɨɥɸɰɢɢ ɜɨɡɦɭɳɟɧɢɹ, ɚ ɧɟ ɟɟ ɯɚ-
ɪɚɤɬɟɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɡɚɞɚɱɢ ɨ ɤɨɧɟɱɧɨɣ ɨɛɥɚɫɬɢ, ɤɨɝɞɚ ɫɩɟɤɬɪ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ
ɞɢɫɤɪɟɬɟɧ, ɢ ɛɟɫɤɨɧɟɱɧɨɣ, ɤɨɝɞɚ ɫɩɟɤɬɪ ɧɟɩɪɟɪɵɜɟɧ, ɨɤɚɡɵɜɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ
ɪɚɡɥɢɱɧɵɦɢ. ȼɥɢɹɧɢɟ ɦɨɞɭɥɹɰɢɢ ɢɫɫɥɟɞɨɜɚɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɞɥɹ ɦɚɥɵɯ ɚɦɩɥɢ-
ɬɭɞ ɦɨɞɭɥɹɰɢɢ: ɪɚɫɫɦɨɬɪɟɧɵ ɢɡɦɟɧɟɧɢɟ ɦɨɧɨɬɨɧɧɨɝɨ ɭɪɨɜɧɹ ɢ ɩɟɪɜɵɟ ɬɪɢ ɪɟ-
ɡɨɧɚɧɫɚ – ɢ ɱɢɫɥɟɧɧɨ ɞɥɹ ɤɨɧɟɱɧɵɯ ɚɦɩɥɢɬɭɞ. Ɍɨ ɢ ɞɪɭɝɨɟ ɜɵɩɨɥɧɟɧɨ ɤɚɤ ɞɥɹ
ɞɢɫɤɪɟɬɧɨɝɨ, ɬɚɤ ɢ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɩɟɤɬɪɨɜ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ.
Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ
ɦɨɞɭɥɢ ɤɨɦɩɥɟɤɫɧɵɯ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɜ ɜɨɡɦɭɳɟɧɢɹ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɨɣ
ɜɨɥɧɵ (ɰɟɧɬɪɚɥɶɧɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɫɢɫɬɟɦɵ ɞɜɭɦɟɪɧɨ), ɚ ɜɥɢɹɟɬ ɥɢɲɶ ɧɚ ɝɪɚɧɢ-
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ɰɵ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ, ɝɞɟ ɷɬɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ ɨɫɬɚɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ. ȼ
ɪɟɡɭɥɶɬɚɬɟ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɦ ɤɨɥɟ-
ɛɚɧɢɹɦ ɜɨɡɦɭɳɟɧɢɹ ɫ ɞɚɧɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɚɦɩɥɢɬɭɞɵ ɦɨɞɭɥɹ-
ɰɢɢ – ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ ɫɜɹɡɚɧɚ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫ ɪɟɡɨɧɚɧɫɚɦɢ ɢ ɦɨɧɨɬɨɧɧɨɣ ɧɟ-
ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɧɟɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ.
ɉɪɢ ɞɢɫɤɪɟɬɧɨɦ ɫɩɟɤɬɪɟ ɝɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɨɩɪɟɞɟ-
ɥɹɬɶɫɹ ɞɥɹ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞ ɦɨɞɭɥɹɰɢɢ ɪɟɡɨɧɚɧɫɚɦɢ ɤɚɤ ɩɟɪɜɨɝɨ
ɩɨɪɹɞɤɚ, ɬɚɤ ɢ ɫɬɚɪɲɢɯ, ɚ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɫɩɟɤɬɪɟ ɢ ɦɚɥɨɣ ɦɨɞɭɥɹɰɢɢ ɩɚɪɚ-
ɦɟɬɪɢɱɟɫɤɚɹ ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɭɪɨɜɧɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ.
Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɦɨɧɨɬɨɧɧɵɣ ɭɪɨɜɟɧɶ ɧɟɭɫ-
ɬɨɣɱɢɜɨɫɬɢ ɦɨɠɟɬ ɞɟɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶɫɹ ɦɨɞɭɥɹɰɢɟɣ. ɉɪɢ ɷɬɨɣ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ
ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɨɞɧɨɪɨɞɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ
ɫɩɟɤɬɪɟ, ɚ ɩɪɢ ɞɢɫɤɪɟɬɧɨɦ – ɜɨɡɦɭɳɟɧɢɹ ɫ ɧɚɢɛɨɥɶɲɟɣ ɜɨɡɦɨɠɧɨɣ ɞɥɢɧɨɣ ɜɨɥ-
ɧɵ. ɋɬɚɛɢɥɢɡɚɰɢɹ ɦɨɧɨɬɨɧɧɨɝɨ ɭɪɨɜɧɹ ɧɟɜɨɡɦɨɠɧɚ ɧɢ ɩɪɢ ɞɢɫɤɪɟɬɧɨɦ, ɧɢ ɩɪɢ
ɧɟɩɪɟɪɵɜɧɨɦ ɫɩɟɤɬɪɚɯ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ.
Ƚɥɚɜɚ 2: Ɍɟɪɦɨɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɢɥɢ ɩɪɢɦɟɫɢ
ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɨɜɚɧɵ ɧɟɥɢɧɟɣɧɵɟ ɪɟɠɢɦɵ ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɪɦɨ-
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɜ ɬɨɧɤɨɦ ɫɥɨɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ
ɩɪɢ ɧɚɥɢɱɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ ɢɥɢ ɬɟɩɥɚ.
Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɪɟɲɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɥɨɤɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ
ɩɨɬɨɤɨɜ (ɬɟɩɥɚ ɢ ɩɪɢɦɟɫɢ), ɚ ɫɬɪɭɤɬɭɪɚ ɢɫɬɨɱɧɢɤɚ ɢ ɬɨ, ɤɚɤ ɨɧ ɨɪɝɚɧɢɡɨɜɚɧ, ɧɟ
ɜɥɢɹɸɬ ɧɚ ɬɟɱɟɧɢɟ ɜ ɤɨɧɤɪɟɬɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ: ɷɬɨ ɬɟɱɟɧɢɟ ɩɨɥɧɨɫɬɶɸ
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢɫɬɨɱɧɢɤɚ. ɇɚɣɞɟɧɧɵɟ ɪɟɲɟɧɢɹ ɫɩɪɚɜɟɞɥɢɜɵ,
ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɨɝɨ ɤɨɧɟɱɧɨɝɨ ɭɞɚɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ, ɤɨɬɨɪɨɟ ɩɪɢ ɫɥɚɛɨɦ
ɢɫɬɨɱɧɢɤɟ ɦɨɠɟɬ ɛɵɬɶ ɦɚɥɵɦ – ɩɨɪɹɞɤɚ ɬɨɥɳɢɧɵ ɫɥɨɹ.
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ȼɵɹɫɧɟɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɬɚɰɢɨɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨ, ɨɛɥɚɫɬɢ
ɞɥɢɧɧɨɜɨɥɧɨɜɨɝɨ ɬɟɱɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɤɨɥɶ-
ɰɚɦɢ ɩɟɪɟɯɨɞɧɨɝɨ ɬɟɱɟɧɢɹ.
Ʉɪɨɦɟ ɬɨɝɨ, ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɪɢɦɟɫɢ,
ɟɟ ɜɵɧɨɫ ɢɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɢɦɭ-
ɳɟɫɬɜɟɧɧɨ ɤɨɧɜɟɤɬɢɜɧɵɦ ɨɛɪɚɡɨɦ. ȼ ɬɨɠɟ ɜɪɟɦɹ, ɞɥɹ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɢɫɬɨɱ-
ɧɢɤɚ ɬɟɩɥɚ ɜɨɡɦɨɠɧɵ ɞɜɚ ɬɢɩɚ ɪɟɠɢɦɨɜ: ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɨɧɜɟɤɬɢɜɧɵɦ ɢ
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɯɚɧɢɡɦɚɦɢ ɜɵɧɨɫɚ ɬɟɩɥɚ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ
ɢɫɬɨɱɧɢɤɚ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɟɠɞɭ ɷɬɢɦɢ ɪɟɠɢɦɚɦɢ ɫ ɪɚɡɧɵɦɢ ɦɟɯɚɧɢɡ-
ɦɚɦɢ ɜɵɧɨɫɚ ɬɟɩɥɚ ɜɨɡɦɨɠɧɚ ɦɭɥɶɬɢɫɬɚɛɢɥɶɧɨɫɬɶ.
Ƚɥɚɜɚ 3: Ʌɨɤɚɥɢɡɚɰɢɹ ɬɟɱɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɩɪɢ ɫɥɭɱɚɣɧɨ
ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ
ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɚ ɞɜɭɯɦɟɪɧɚɹ ɬɟɩɥɨɜɚɹ ɤɨɧɜɟɤɰɢɹ ɠɢɞɤɨɫɬɢ ɜ
ɬɨɧɤɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɫɨ ɫɥɭɱɚɣɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɧɚ-
ɝɪɟɜɚ, ɨɛɟɫɩɟɱɢɜɚɟɦɨɣ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɩɨɬɨɤɨɦ ɬɟɩɥɚ ɩɨɩɟɪɟɤ ɫɥɨɹ.
ȼɵɜɟɞɟɧɵ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɧɟɥɢɧɟɣɧɵɟ ɪɟɠɢɦɵ ɞɥɢɧɧɨɜɨɥɧɨ-
ɜɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɧɟɨɞɧɨɪɨɞɧɨɦ ɧɚɝɪɟɜɟ.
ɉɪɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɦɨɞɟɥɢɪɭɟɦɨɣ ɛɟɥɵɦ ɝɚɭɫɫɨɜɫɤɢɦ ɲɭɦɨɦ, ɜ ɫɢɫɬɟ-
ɦɟ ɩɪɢ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɟ ɩɨɬɨɤɚ ɬɟɩɥɚ ɧɢɠɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɞɧɨ-
ɪɨɞɧɨɝɨ ɫɥɨɹ ɜɨɡɦɨɠɧɵ ɥɨɤɚɥɶɧɵɟ ɩɪɟɜɵɲɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨ-
ɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɢɜɨɞɹɳɢɟ, ɤɚɤ ɩɨɤɚɡɚɧɨ, ɤ ɜɨɡɛɭɠɞɟɧɢɸ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɬɟɱɟ-
ɧɢɣ, ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɤɨɬɨɪɵɯ ɢ ɩɨɫɜɹɳɟɧɚ ɞɚɧɧɚɹ ɝɥɚɜɚ ɞɢɫɫɟɪɬɚɰɢɢ.
ɂɫɫɥɟɞɨɜɚɧɵ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɧɟɥɢɧɟɣɧɵɯ ɬɟɱɟɧɢɣ ɢ ɜɥɢɹɧɢɟ ɧɚ
ɧɢɯ ɩɪɨɤɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ
ɩɪɨɤɚɱɢɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɥɨɤɚɥɢɡɚɰɢɢ ɧɟ ɬɨɥɶɤɨ ɬɟɱɟɧɢɣ, ɧɨ ɢ ɜɨɡɦɭɳɟɧɢɣ ɩɨ-
ɥɹ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɵɱɢɫɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨ ɩɨɬɨɤɭ
ɩɪɨɤɚɱɢɜɚɧɢɹ ɢ ɩɪɨɬɢɜ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɟɧ ɩɨɤɚɡɚɬɟɥɶ ɪɨɫɬɚ ɫɪɟɞɧɟɤɜɚɞ-
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ɪɚɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ, ɞɚɸɳɢɣ ɨɰɟɧɤɭ ɩɨɤɚɡɚɬɟɥɟɣ ɥɨɤɚɥɢɡɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɯ
ɱɢɫɥɟɧɧɨ.
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɫɤɚɡɚɧɢɹɦɢ ɬɟɨɪɢɢ, ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ
ɩɨɥɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɜɵɹɜɢɥɨ ɪɚɞɢɤɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɩɪɨɤɚɱɢɜɚɧɢɹ ɧɚ
ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɢɜ ɩɨɬɨɤɚ ɩɪɨɤɚɱɢɜɚɧɢɹ: ɞɥɢɧɚ ɥɨɤɚ-
ɥɢɡɚɰɢɢ ɩɪɢ ɦɚɥɵɯ ɤɨɧɟɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɩɪɨɤɚɱɢɜɚɧɢɹ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɧɚ
ɩɨɪɹɞɨɤ.
Ƚɥɚɜɚ 4: ɋɢɧɯɪɨɧɢɡɚɰɢɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɛɳɢɦ ɲɭɦɨɦ
ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɞɢɧɚɤɨɜɵɯ
ɚɜɬɨɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɫɪɟɞɫɬɜɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɳɢɦ
ɜɧɟɲɧɢɦ ɲɭɦɨɦ (ɬɚɦ, ɝɞɟ ɷɬɨ ɧɟ ɨɝɨɜɨɪɟɧɨ, ɢɞɟɬ ɪɟɱɶ ɨ ɛɟɥɨɦ ɝɚɭɫɫɨɜɫɤɨɦ
ɲɭɦɟ).
Ʉɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦ ɫɢɧɯɪɨɧɢɡɨɜɚɬɶɫɹ
ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɨɡɦɭɳɟɧɢɹɦ ɜɞɨɥɶ ɮɚɡɨɜɨɣ
ɬɪɚɟɤɬɨɪɢɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ȼ ɮɚɡɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɞɚɱɚ ɟɝɨ ɨɬɵ-
ɫɤɚɧɢɹ ɪɟɲɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢ ɜ ɤɜɚɞɪɚɬɭɪɚɯ ɞɥɹ ɫɥɭɱɚɟɜ ɨɞɧɨɝɨ ɢ ɧɟɫɤɨɥɶɤɢɯ
ɧɟɡɚɜɢɫɢɦɵɯ ɲɭɦɨɜɵɯ ɫɢɝɧɚɥɨɜ.
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɫɢɫɬɟɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɜɨɦɭ ɢ ɜɬɨɪɨɦɭ ɫɥɭɱɚ-
ɹɦ, ɪɚɫɫɦɨɬɪɟɧɵ ɡɚɞɚɱɢ ɨ ɜɥɢɹɧɢɢ ɨɞɧɨɝɨ ɢ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɥɢɧɟɣɧɨ ɩɨɥɹɪɢ-
ɡɨɜɚɧɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɲɭɦɨɜ ɧɚ ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɫɢɫɬɟɦ ɫ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ,
ɢɦɟɸɳɢɦ ɛɥɢɡɤɭɸ ɤ ɨɤɪɭɠɧɨɫɬɢ ɮɨɪɦɭ, ɢ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɵɣ ɧɚ ɷɬɨɦ ɰɢɤ-
ɥɟ ɦɨɞɭɥɶ ɫɤɨɪɨɫɬɢ ɮɚɡɨɜɨɝɨ ɩɨɬɨɤɚ.
Ⱦɥɹ ɨɛɨɢɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɢɦɟɪɨɜ ɲɭɦ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɬɨɥɶɤɨ ɤ ɫɢɧ-
ɯɪɨɧɢɡɚɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɨɬɪɢɰɚɬɟɥɟɧ. Ⱥɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ
ɫɥɟɞɭɟɬ ɢ ɢɡ ɨɛɳɟɝɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɫɩɪɚɜɟɞɥɢɜɨɝɨ ɞɥɹ ɥɸɛɵɯ
ɫɢɫɬɟɦ ɜ ɩɪɟɞɟɥɟ ɦɚɥɨɝɨ ɲɭɦɚ. ɉɪɢɱɟɦ ɜ ɷɬɨɦ ɩɪɟɞɟɥɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɝɚɭɫ-
ɫɨɜɨɫɬɢ ɹɜɥɹɟɬɫɹ ɢɡɥɢɲɧɢɦ, ɩɨɫɤɨɥɶɤɭ ɜɤɥɚɞ ɫɬɚɪɲɢɯ ɤɭɦɭɥɹɧɬɨɜ ɲɭɦɨɜɨɝɨ
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ɫɢɝɧɚɥɚ (ɝɚɭɫɫɨɜɨɫɬɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɯ ɭɫɬɪɚɧɟɧɢɹ) ɜ ɡɧɚɱɟɧɢɹ ɢɧɬɟɪɟɫɭɸ-
ɳɢɯ ɧɚɫ ɜɟɥɢɱɢɧ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɫɬɚɪɲɢɦ ɫɬɟɩɟɧɹɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ. ɋɚ-
ɦɢ ɠɟ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɜ ɷɬɨɦ ɩɪɟɞɟɥɟ ɩɪɹɦɨ
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɱɚɫɬɨɬɟ
ɚɜɬɨɤɨɥɟɛɚɧɢɣ.
ȼ ɫɢɬɭɚɰɢɹɯ, ɤɨɝɞɚ ɮɚɡɨɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɟ ɫɩɪɚɜɟɞɥɢɜɨ (ɩɪɢ ɤɨɧɟɱɧɨɣ
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ ɢ ɧɟɛɨɥɶɲɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ) ɚɧɚɥɢɬɢ-
ɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɜɨɡɦɨɠ-
ɧɨ ɢ ɬɪɟɛɭɟɬɫɹ ɱɢɫɥɟɧɧɵɣ ɫɱɟɬ, ɤɨɬɨɪɵɣ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦ (ɧɚɩɪɢɦɟɪ, ɨɫ-
ɰɢɥɥɹɬɨɪɚ ȼɚɧ ɞɟɪ ɉɨɥɹ–Ⱦɸɮɮɢɧɝɚ) ɨɛɧɚɪɭɠɢɥ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɩɨɥɨ-
ɠɢɬɟɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ, ɬ.ɟ. ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɸ ɤɨɥɟɛɚɧɢɣ.
ȼ ɭɩɨɦɹɧɭɬɵɯ ɫɥɭɱɚɹɯ ɨɬɞɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ ɧɟɢɞɟɚɥɶɧɵɦ ɫɢɬɭɚ-
ɰɢɹɦ: ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɚɧɫɚɦɛɥɶ ɢɞɟɧɬɢɱɧɵɯ ɨɫɰɢɥɥɹɬɨɪɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ
ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɥɟɝɤɚ ɨɬɥɢɱɚɸɳɢɯɫɹ ɲɭɦɨɜ (ɜɧɭɬɪɟɧɧɢɣ ɲɭɦ), ɢɥɢ ɚɧɫɚɦɛɥɶ
ɫɥɟɝɤɚ ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɫɰɢɥɥɹɬɨɪɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɞɟɧɬɢɱɧɨɝɨ ɲɭɦɚ. ɉɪɢ ɦɚ-
ɥɨɦ ɲɭɦɟ, ɤɨɝɞɚ ɩɨɤɚɡɚɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɨɬɪɢɰɚɬɟɥɟɧ, ɢ ɦɚɥɵɯ ɧɟɢɞɟɧɬɢɱɧɨɫɬɹɯ
(ɜ ɲɭɦɟ ɢɥɢ ɩɚɪɚɦɟɬɪɚɯ) ɡɚɞɚɱɢ ɞɨɩɭɫɤɚɸɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜ ɪɚɦ-
ɤɚɯ ɮɚɡɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ.
Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɧɟɢɞɟɧɬɢɱɧɨɫɬɢ ɜ ɩɚɪɚɦɟɬɪɚɯ, ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɤɥɨ-
ɧɟɧɢɹ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɪɚɫɫɬɪɨɣɤɟ ɱɚɫɬɨɬ ɢ ɨɛɪɚɬɧɨ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɵ ɦɨɞɭɥɸ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ, ɚ ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɢɧɞɢɜɢɞɭ-
ɚɥɶɧɨɦ ɲɭɦɟ – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɚɦɩɥɢɬɭɞɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɲɭɦɚ ɢ ɨɛɪɚɬɧɨ
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɤɨɪɧɸ ɢɡ ɦɨɞɭɥɹ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ.
ɇɚɣɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɧɨɫɬɟɣ ɮɚɡ ɨɫɰɢɥɥɹɬɨɪɨɜ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ
ɷɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɦɟɸɬ ɫɬɟɩɟɧɧɵɟ ɚɫɢɦɩɬɨɬɵ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɩɟɪɟɦɟ-
ɠɚɟɦɨɫɬɢ ɦɟɠɞɭ ɷɩɨɯɚɦɢ ɫɢɧɯɪɨɧɧɨɝɨ ɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɪɢ ɫɤɨɥɶ
ɭɝɨɞɧɨ ɦɚɥɵɯ ɧɟɢɞɟɧɬɢɱɧɨɫɬɹɯ.
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Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɫɱɟɬɚ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɤɨɧɟɱɧɵɯ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɹɯ ɲɭɦɚ ɨɛɧɚɪɭɠɢɥɢ ɬɨɬ ɠɟ ɯɚɪɚɤɬɟɪ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɫɬɟɩɟɧɶɸ
ɫɢɧɯɪɨɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦ ɫ ɦɚɥɨɣ ɧɟɢɞɟɧɬɢɱɧɨɫɬɶɸ ɢ ɩɨɤɚɡɚɬɟɥɟɦ Ʌɹ-
ɩɭɧɨɜɚ, ɱɬɨ ɢ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ.
Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨɫɬɢ ɪɨɥɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɫɫɦɚɬɪɢ-
ɜɚɜɲɟɝɨɫɹ ɲɭɦɚ (ɝɚɭɫɫɨɜɨɫɬɶ ɢ E -ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɫɬɶ) ɪɚɫɫɦɨɬɪɟɧ ɫɥɭɱɚɣ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɢɧɨɝɨ ɲɭɦɚ: ɬɟɥɟɝɪɚɮɧɨɝɨ.
ȼɧɨɜɶ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɦɚɥɨɦ ɲɭɦɟ ɢɥɢ ɱɚɫɬɵɯ ɩɟɪɟɤɥɸɱɟɧɢɹɯ ɩɨɤɚɡɚ-
ɬɟɥɶ Ʌɹɩɭɧɨɜɚ ɨɬɪɢɰɚɬɟɥɟɧ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦɚɯ ɩɪɢ ɭɦɟɪɟɧɧɨɣ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɢ ɲɭɦɚ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɟɫɢɧɯɪɨɧɢɡɚɰɢɹ ɤɨɥɟɛɚɧɢɣ.
ȼ ɬɨɠɟ ɜɪɟɦɹ, ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦ ɮɚɡɨɜɨɟ ɨɩɢɫɚɧɢɟ ɞɚɟɬ ɚɞɟɤɜɚɬɧɵɟ
ɪɟɡɭɥɶɬɚɬɵ ɞɚɠɟ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɭɦɚ ɢ ɫɪɟɞɧɟɝɨ
ɜɪɟɦɟɧɢ ɩɟɪɟɤɥɸɱɟɧɢɣ. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɹ Ʌɹɩɭɧɨɜɚ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɲɭɦɚ
(ɚɦɩɥɢɬɭɞɵ ɢ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɩɟɪɟɤɥɸɱɟɧɢɣ) ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬ ɤɚɤɢɯ-ɥɢɛɨ
ɫɥɟɞɨɜ ɬɚɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɢɨɞɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ.
ɉɨɜɟɞɟɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɜ ɫɨɫɬɨɹɧɢɹɯ ɫɢɫɬɟɦ ɩɪɢ ɦɚɥɵɯ ɧɟɢɞɟɧɬɢɱɧɨɫɬɹɯ
ɢ ɚɦɩɥɢɬɭɞɚɯ ɲɭɦɚ ɞɥɹ ɬɟɥɟɝɪɚɮɧɨɝɨ ɲɭɦɚ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɚɤɨɜɨɝɨ ɞɥɹ ɛɟ-
ɥɨɝɨ ɝɚɭɫɫɨɜɫɤɨɝɨ ɲɭɦɚ.
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